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iad Toxicity ina Storage-Pattery 


CHARLES P. GIEL, M.D. 

MORRIS KLEINFELD, M.D. 

and 

JACQUELINE MESSITE, M.D., New York 


With the advent of improved in-plant 
medicine and more effective engineering 
control, the prevalence and severity of indus- 
trial lead intoxication have diminished. 
Nevertheless, lead intoxication continues to 
play a significant role in industrial medicine 
because of the widespread use of lead, par- 
ticularly in processes where its potential 
hazard is not appreciated.* This does not, 
however, minimize its occurrence in plants 
where lead is the major component in the 
manufacturing process, as is illustrated by 
a recent study of a storage-battery plant 
which forms the basis of this report. 


ENVIRONMENTAL ANALYSIS 

This plant has been making large com- 
mercial-type storage batteries for many years. 
Environmental studies performed since 1951 
have shown concentrations of lead above 
acceptable permissible limits. The hazard 
has been greatest in the paste room where the 
lead battery grids are coated with oxides 
of lead. The casting room where these grids 
are formed, burned, and trimmed has also 


Received for publication Sept. 12, 1955. 

Division of Industrial Hygiene, New York State 
Department of Labor. 

Senior Physician (Dr. Giel); Chief, Medical 
Unit (Dr. Kleinfeld), and Senior Physician (Dr. 
Messite). 

* References 1 and 2. 


presented a hazard. A third hazardous area 
has been that area of the assembly depart- 
ment where the final trimming of the grids 
is performed with hand tools. Air analyses 
for lead taken April 6, 1955, in the various 
areas mentioned above showed the following 
values : 


Lead 
Conecen- 
trations, 
Area Operation Mg./M.* 
Paste room Hand pasting 0.30 
Machine pasting 0.65 
General air 0.54 
Casting room Melting and pouring 0.38 
Assembly Filing 0.25 
department Scraping 0.115 
General air 0.09 


These figures illustrate excessive concen- 
trations found in one recent sampling and 
are similar to other readings taken at inter- 
vals since 1951. 

From 1949 to 1953 cases of lead intoxica- 
tion were infrequently identified among the 
500 workers despite the excessive levels 
of lead in the working environment. Three 
cases were diagnosed as lead intoxication 
during this period, one necessitating hos- 
pitalization. In addition, a few men were 
transferred from exposed areas because of 
mild illness or high stippled cell counts. 


As a result of a decreasing production in 
1954, extensive layoffs began in September 
of the same year, and production quotas 
per man were simultaneously raised. This 
continued to the time of the study in March, 
1955, when only 200 men were employed. 


MEDICAL SURVEY 


1. Clinical Data—Examination of medical rec- 
ords showed that stippled cell counts and urinary 
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TABLE 2. 


A STORAGE-BATTERY 


PLANT 


—W orkers with No Recent Symptoms 


Laboratory Data 


Peripheral Blood 
— 
a 
8 
& 
s&s 
ae O s 
= 
; g Z 
~ 
£2: £3 
Years & 2 
Case Age, Specific on a 8 
13 39 Assembly Vy 16 5.26 54 4 
Burning 7 
4 44 Assembly 12 16 5.20 11.0 - 12 
15 31 Pasting ly M4 4.64 8.8 x 2 
Assembly 6 
16 42 Pasting 8 16.5 4.65 7.7 ae 0 
17 61 Pasting 9 14 4.72 7.0 x 5 
18 28 Pasting 4 4 4.92 6.9 x 
19 47 Pasting 9 15.5 4.95 9.7 25 
20 44 Assembly 9 13 4.44 8.0 51 
21 Ba Assembly 6 16 5.18 11.6 
22 30 Assembly 13 15.5 5.18 5.6 0 
23 45 Casting 20 15 4.76 98 3 
24 45 Pasting 13 16 5.18 6.6 0 
25 30 Burning ll 13.5 4.62 44 0 
26 34 Maintenance 13 “4 1.89 8.7 s 
27 43 Shipping 16 13 4.61 10.4 0 
28 39 Storeroom 13 14.5 5.00 10.1 xs 0 
29 ww Assembly 5 13.5 6.30 8.8 x 


X = present. 


coproporphyrins had risen sharply beginning in 
November, 1954, especially among the workers in 
the paste room. From November, 1954, to March, 
1955, six men had been out ill because of lead in- 
toxication, and an appreciable number had been 
transferred from hazardous The exact 
number transferred, however, is not known. Absen- 
teeism, in general, and dispensary visits, however, 
had not risen. 

Twenty-nine workers were studied, with a de- 
tailed medical and occupational history, a physical 
examination, and laboratory analyses. A summary 
of the clinical data on those men with recent symp- 
toms is presented in Table 1. 

2. Laboratory Data—A peripheral blood study 
including hemoglobin, red blood count, white blood 
count, and differential was done on all 29 workers. 
Stippled cell counts and determinations of urinary 
coproporphyrins and lead in both blood and urine 
(24-hour) were obtained when feasible. A summary 
of the laboratory data is presented in Tables 1 and 
2. Laboratory specimens were obtained after ex- 
posure had ceased in nine men, as indicated in the 
Tables. 


areas. 


Urine 


| 
= 
a 
s 
5 & 
a 
= 
a ~ = 
a 5 Comments 
0.10 2+ Mild illness 4-5 mo. ago 
0.18 _“e 3+ Mild illness 6 mo. ago 
0.67 2+ Mild illness 3 mo. ago 
Laboratory specimens taken 2 wk. 
after last exposure 
0.13 1+ Moderate illness in 1953 
8+ Mild illness in 1946 
0.07 Moderate illness in 1952 
Laboratory specimens taken 4 wk. 
after last exposure 
0.18 3+ Severe illness in 1949 
0.18 see Female 
0.07 14+ Laboratory specimens taken 2 wk. 
after last exposure 
0.07 1.10 —~= = 
0.12 ., An 
0.10 1+ 
0.08 0 
0.14 2 
0.06 Associated thalassemia minor 


COM MENT 


Analysis of the clinical data reveals that 
12 men had symptoms of recent origin, with 
colic as the most frequent complaint. Each 
of the other major symptoms, as noted in 
Table 1, occurred in about half of the cases 
and was usually mild, transient, and recur- 
rent in character. It is noteworthy that the 
subjective paresthesias and weakness were 
not accompanied by any detectable altered 
sensation or diminished muscular strength. 
In fact, the only objective finding indicative 
of lead absorption was a lead line, and this 
was observed in only one worker. 

There were 17 workers who had no recent 
symptoms (Table 2), but of these, 3 had 
symptoms three to six months and 4 had 
symptoms one to six years prior to the 
present study. It is of interest that of the 
10 men from both Table 1 and Table 2 
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with a previous episode indicative of lead 
intoxication 2 had been severely ill, while 
the others had had mild symptoms similar to 
those found in the present study. 


The hematological findings were not strik- 
ing, and this is not surprising in view of 
the mild clinical picture. The red blood 
counts and hemoglobin determinations were 
essentially normal in all workers. The white 
blood counts were not significantly abnormal, 
although some differential counts showed a 
relative lymphocytosis. Of particular interest 
was the red cell morphology, which showed 
a moderate degree of anisocytosis and poi- 
kilocytosis in 8 of 12 workers with symp- 
toms and in only 3 of 16 without symptoms. 
The significance of these findings has been 
commented on by other workers.+ With the 
exception of one patient who had thalassemia 
minor, no association other than lead ex- 
posure was found to account for this change 
in red cell morphology. Elevated stippled 
cell counts were found only in workers whose 
clinical picture or laboratory data indicated 
excessive lead absorption, and this agrees 
with numerous other studie..* The copro- 
porphyrin values cannot be assessed, since 


they were done qualitatively and on casual 
specimens. 


Of major importance are the lead deter- 
minations of the blood and urine. It is note- 
worthy that, as a group, the levels found are 
excessive and correlate well with the present- 
ing symptoms of the workers. While there 
is considerable variation in individual values, 
they are, in general, higher in men with 
symptoms. The variation in individual values 
merely indicates that factors, such as in- 
dividual susceptibility, rate of absorption, 
and duration of exposure, are important in 
the development of lead intoxication.® 


Of fundamental importance, and brought 
to light in this study, is the necessity of 
recognizing the effect of a changing socio- 
economic situation in a plant on the develop- 
ment and diagnosis of lead intoxication. In 
this plant mechanical operations had long 
been conducted in the presence of lead con- 


+ References 3 and 4. 
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centrations above accepted permissible limits. 
As a result of layoffs, an increasing work 
quota per worker, coupled with many job 
transfers, apparently increased the duration 
of lead exposure in the working environment. 
It is probable that layoffs increased the 
remaining workers’ incentive to stay on the 
job, so that absenteeism and symptomatic 
complaints were not disclosed until an ob- 
vious outbreak of lead toxicity occurred. 
Even then the over-all incidence of toxicity 
was not appreciated until the present medical 
and environmental analysis brought it to 
the light. 


The findings in this study indicate the 
need of a greater index of suspicion by the 
industrial physician where a changing socio- 
economic situation occurs in a plant. The 
absence of symptoms in the presence of a 
potentially hazardous environment calls for 
greater medical vigilance, such as more fre- 
quent and closer check of workers as well 


as more frequent laboratory and environ- 
mental analyses. 


It is appreciated by most industrial physi- 
cians and hygienists that the clinical picture 
of lead intoxication as seen today is insidious 
in onset, mild in degree, transient in dura- 
tion, and recurrent in character and usually 
results from low-grade cumulative exposure.° 
An index of suspicion, reinforced by a good 
history and appropriate laboratory data, is 
of greatest aid in establishing a diagnosis. 


MANAGEMENT OF PROBLEM 


On the basis of the medical and environ- 
mental data, certain recommendations for 
the control and prevention of the lead haz- 
ard were suggested. An improved medical 
program was advised and included 

(a) Periodic clinical examination to be done 

every month for workers in areas where ex- 
posure to lead is greatest and less frequently 
(every three months) in less hazardous areas. 
(b) Biweekly laboratory examinations, including 
blood for stippling and red cell morphology 
and urine for coproporphyrins, for workers 
in potentially hazardous areas, to be checked 


with blood lead determinations when results 
are equivocal.5 
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(c) Intensive education of all workers, new and 
old, supervisory and productive, to the possi- 
bility, dangers, and prevention of lead ab- 
sorption, stress being laid on both environ- 
mental and personal protection. 

(d) Maintenance of better medical records to 
facilitate analysis of individual or group 
exposure and to provide statistical data on 
the effectiveness of the control. 


An effective environmental control plan 
for this plant was recommended and included 
(a) Reduction of exposure at the source by better 
engineering processes; this involved enclo- 

sure of the melting and pouring operations 

and reduction of hand-scraping operations. 


(b) Adequate removal of excessive lead and the 
construction of effective exhaust systems for 
the pasting and scraping operations. 

(c) Better general ventilation in the paste room. 

(d) Better housekeeping and washing facilities 
for personnel. 

(e) Periodic air analyses for lead to determine 
the effectiveness of the control. 


SUMMARY 

A medical and environmental study of a 
storage-battery plant known to have areas 
of hazardous exposure to lead is described. 


Medical evaluation, including laboratory 
findings of 29 workers, disclosed the pres- 
ence of lead toxicity of a mild form in 12. 

The sudden rise in the incidence of lead 
intoxication during the period from Novem- 
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ber, 1954, to March, 1955, is attributed to 
the increased quantity and rate of produc- 
tion per worker as a result of extensive 
layoffs and to the transfer to hazardous 
areas of persons not previously exposed to 
lead. 

This study emphasizes the need for the 
industrial physician to be alert to such socio- 
economic changes and to intensify his con- 
trol program at such times. 

The mild, insidious nature of lead intoxica- 
tion due to low-grade cumulative exposure 
seen today is reiterated. 

Recommendations for the control of the 
lead hazard in this plant, incorporating 
medical and engineering phases, are outlined. 
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The use of organic phosphorus compounds 
as pesticides has become quite important. 
The amount of these compounds used for in- 
secticidal purposes is now exceeded only by 
the tonnage of chlorinated hydrocarbon ma- 
terials. 


It has been generally recognized that these 
organic phosphorus compounds possess a 
high degree of toxicity. Early reports con- 
cerning the deleterious effects of insecticides 
belonging to this class dealt with signs and 
symptoms resulting, at least in large part, 
from cholinesterase depletion following single 
or repeated exposures. The consensus was 
that if an exposed organism survived the 
acute effects of the poison it would recover 
with no residual effects." 


However, as early as 1930 Smith and his 
co-workers * established that TOCP (trior- 
thocresyl phosphate), which had been used 
to fortify certain lots of extract of Jamaica 
ginger, was the etiological agent in a large 
number of cases of paralysis occurring in the 
United States. Smith and Lillie * showed 
that this so-called “ginger paralysis” or “jake 
leg” was accompanied by a demyelination of 
the nerve sheath. The anticholinesterase ac- 
tivity of TOCP was not established until 
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much later.* Polyneuritis resulting from the 
poisoning of industrial workers with TOCP 
was reported in 1944.° 

In 1946 Koelle and Gilman * demonstrated 
muscle weakness of the hindlegs, eventually 
leading to almost complete paralysis, following 
repeated sublethal doses of DFP (diisopropyl 
fluorophosphate) in dogs. In 1949 these 
same authors * postulated the identity of this 
syndrome with “ginger paralysis.”” They fur- 
ther suggested that the syndrome of “ginger 
paralysis” might be a reflection of the effect 
of prolonged deficiency of cholinesterase at 
the neuromuscular junction. 

In 1951 Petry ® described paralysis in a 
man who had been using parathion in 
greenhouses in Germany and who had previ- 
ously experienced mild symptoms of poison- 
ing on several occasions. Although the mode 
of onset and subsequent course of this case 
of paralysis closely resembled “ginger paraly- 
sis,” it occurred almost three months after 
the last known exposure to parathion. The 
unusually long interval of time between ex- 
posure and the onset of paralysis casts doubt 
on the validity of indicting parathion as the 
etiological agent in this unique case. 

Later in 1951 a group of three chemical 
plant workers who were engaged in the 
manufacture of Isopestox  (bis-isopropyl- 
aminofluorophosphine oxide) + developed 
acute cholinergic symptoms attributed to 
intoxication with this compound.'® Their 
acute symptoms were ameliorated by atro- 
pine, but 10 days later two of the three 
developed weakness in the legs. In one the 
weakness progressed to almost complete 


+ Mipafox, common name recommended by the 
British Standards Institution. 


one 
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paralysis of the legs, with partial involvement 
of the hands and arms. Ten months later 
both had residual effects. The more severely 
affected was still unable to walk two years 
later.” 

With Isopestox, as with TOCP, it was 
found that the chicken was the experimental 
animal most susceptible to delayed paralytic 
effect. 


sults of previous studies on the paralytic 


Table 1 gives a summary of the re- 


effect of organic phosphorus compounds in 
chickens. 

Barnes and Denz '* demonstrated demyeli- 
nation in the peripheral nerves and particu- 
larly in the spinal cord of chickens paralyzed 


PHOSPHORUS COMPOUNDS 


TABLE 1.—Summary of Results of Previous Studies on the Paralytic Effect in Chickens of 


paralysis. Although no correlation between 
paralytic effect and cholinesterase inhibition 
has been found, all compounds known to 
produce the paralysis do inhibit plasma 
cholinesterase. A metabolic antagonism to 
vitamin E has been suggested as the eti- 
ological mechanism for the production of 
paralysis by TOCP.** 

In view of the serious and essentially ir- 
reversible nature of this paralytic syndrome 
and the widespread usage of various organic 
phosphorus compounds as insecticides, it was 
thought desirable to screen the various in- 


secticides of this group now being marketed 
It is 


for ability to cause “ginger paralysis.” 


Various Organic Phosphorous Compounds 


Common Name Chemical Name Paralysis Authority 
DFP diisopropyl] fluorophosphate Yes 12, 16, 17 
Ethyl sarin O-isopropy] ethy! fluorophosphonate No 13 
lsopestox bis-isopropylaminofluorophosphine oxide Yes 12, 16,17 

(bis-isopropylamido fluorophosphate) 
Isopropyl OMPA tetraisopropy!l pyrophosphoramide No 12, 17,18 
Isopropyl paraoxon 0,0-diisopropy! O-p-nitropheny! phosphate No 17 
Isopropy! parathion 0,O-diisopropyl O-p-nitrophenyl thiophosphate No 12 
Methy! parathion 0,0-dimethyl O-p-nitrophenyl thiophosphate No 12 
Paraoxon 0,0-diethyl O-p-nitrophenyl phosphate No 12 
Parathion 0,0-diethyl O-p-nitropheny! thiophosphate No 12 
Sarin O-isopropy! methyl] fluorophosphonate No 13 
Soman O-(2,2-dimethylbutyl-3) methyl fluorophosphonate No 13 
Tabun dimethylamido O-ethyl cyanophosphate No 13 
TIPP tetraisopropyl pyrophosphate No 12,17 
TOCP* triorthocresy! phosphate Yes 12, 14, 16, 17 


* For analogues of TOCP, see Ref. 13. 


by TOCP, DFP, and Isopestox. The simi- 
larity of the histological lesions in hens 
poisoned by each of the three compounds 
was pointed out. 

Studies attempting to correlate the ability 
of different compounds to cause delayed 
paralysis, with chemical structure, various 
physical properties, and pharmacological ef- 
fects, including particularly pseudocholines- 
terase inhibition, have given no leads on the 
types or classes of phosphates which could 
be expected to possess this toxic action.£ Of 
a series of TOCP derivatives, Hine and asso- 
ciates '* found that only those triaromatic 
substituted phosphates containing at least 
one ortho-positioned methyl group caused 


t References 13; Edson, E. F.: Personal com- 
munication to the authors. 


perhaps even more important that all new 
compounds with this grouping should be 
screened for this effect before being admitted 
for general usage. The paralytic effect in the 
chicken appears to be the best available index 
of a possible paralytic effect in man. 


METHOD 


The following method was used to screen com- 
pounds. Five groups of two chickens each were 
dosed subcutaneously with geometrically increasing 
doses of the phosphate to be tested. Adult hens 
of the Rhode Island Red strain weighing between 
2.5 and 4.0 kg. were used. The insecticides were 
given in peanut-oil solution at the rate of 1 ml/kg. 
of body weight. Dosages were adjusted by varying 
the concentration of toxicant in Each 
chicken was predosed orally with atropine sulfate at 
the rate of 15 mg/kg. in order to minimize acute 
cholinergic effects. The mortality of these birds 
after an observation period of one week was noted, 
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solution. 


44 
— 


and an approximate L. D.s derived. A larger group 
of atropinized chickens was then dosed with the test 
material at a level slightly below the estimated 
L. D.so. All dosed chickens were held for at least 
30 days and observed daily, with particular attention 
being given to the legs. The toxic symptoms were 
best observed by allowing each chicken to stand 
or walk on an irregular surface. 


RESULTS 

The results for the compounds tested in 
this manner are shown in Table 2. Com- 
pounds tested by other workers were not 
included, except TOCP and _Isopestox. 
Groups of chickens dosed with these two 
compounds were included for comparison, 
and these animals, as expected, regularly de- 
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TaBLe 2.—Toxic Effects in Atropinized Chickens of Selected Organic Phosphorus Compounds 
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These chickens developed leg weakness 
immediately after dosing in addition to the 
more usual cholinergic symptoms. The oc- 
currence of general muscle weakness and in- 
coordination as a nonspecific sign in acutely 
ill, poisoned animals is not unusual. How- 
ever, the muscle weakness occurring in chick- 
ens dosed with malathion and EPN was 
localized and persisted after the other acute 
symptoms had vanished. While present, 
this weakness was clinically indistinguishable 
from “ginger paralysis.” For the purposes 
of Table 2, only immediate muscle weakness 
lasting longer than 48 hours has been con- 
sidered under that heading. 


Animals Showing Stated Effect 


Dosage 1 

Producing Acute Immediate Delayed Average Approxi- 
Dosage Cholinergic Animals Cholinergic Muscle Paralytic Survival mate 

Range, Signs, Dosed, Signs, Weakness, Effect, Time,* L. D.so, 

Compound Mg./Kg. Mg./Kg. No. No. No. No. Death Days Mg./Kg. 
Chlorthion.............. 100-1,600 400 20 15 0 0 4 9 1,200 
re 10-160 10 18 13 0 0 8 1 20 
ss 5-80 10 20 6 0 0 5 1 20 
5-80 10 20 18 0 0 11 1 15 
ere ae 5-1,280 40 28 21 21 0 18 18 60 
60 >60 3 0 0 3 oe 
a 50-1,600 100 24 21 8 0 4 2 1,400 


t All dosages of Isopestox were given orally. 


veloped paralysis of the legs about 10 to 14 
days after dosing. 
Some acute cholinergic effects were seen 
at higher dosage levels with all compounds 
tested. No delayed effects were seen follow- 
ing dosage with 
Chlorthion O,O-dimethyl -nitro-m-chloropheny] 
thiophosphate 

DDVP O,O-dimethyl dichlorovinyl phosphate 

Demeton O, O-diethyl 2-ethylmercaptoethyl thio- 
phospate 

Diazinon O, O-diethyl 2-isopropyl-4-methylpy- 
rimidyl-6 thiophosphate 

OMPA octamethyl pyrophosphoramide 


A sydrome different from “ginger paraly- 
sis” appeared in the hens dosed with 
Malathion O,O-dimethyl S-(1,2-dicarbethoxy- 
ethyl) dithiophosphate 

EPN O-ethyl phenyl p-nitrophenyl thio- 
phosphonate 
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t Two hens killed for pathological study when in a moribund state. 


Muscle weakness occurred in 6 out of a 
group of 10 chickens dosed with malathion 
at 1000 mg/kg. Two other hens in this 
group died from acute malathion poisoning 
in less than 48 hours, and the remaining two 
developed no signs of illness. The lowest 
malathion dosage giving muscle weakness 
was 100 mg/kg. The minimum dosage tested 
was 50 mg/kg. At this level neither of the 
chickens was affected. The localized muscle 
weakness in malathion-poisoned chickens ap- 
peared to be reversible. This sign disap- 
peared completely within 4 to 21 days in 
those birds which survived the acute effects 
of the toxicant. 

A few tests with young female chickens 
weighing about 1 kg. indicated that, although 
older hens are more resistant to the acute 
cholinergic effects of malathion, they may be 


When Given Subcutaneously in Oil Solution 
z Lowest 
50-400 200 10 0 5 4 21 200 
; * Based on those animals which died. 
x 
i 
| 
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somewhat more susceptible to the muscle 
weakness. 
With EPN, 


served in all of a group of 10 chickens dosed 


muscle weakness was ob- 
at 60 mg/kg. The minimum dosage giving 
In contrast to 


malathion, the muscle weakness following 


this effect was 40 mg/kg. 


EPN was irreversible in most cases. Only 3 
of the 21 animals which had muscle weakness 
following the injection of EPN survived. 
Two of these hens completely recovered from 
their muscle weakness after 6 and 35 days, 
respectively. The third survivor still showed 
marked leg weakness 308 days after dosing. 
A small number of the hens dosed with 
EPN showed some degree of recovery of 
muscle strength and gain in weight about 
two weeks after dosing, and then later be- 
came worse in both respects. 

A significant number of the hens given 
higher dosages of malathion and EPN con- 
tinued to lose weight for as long as 30 days 
after dosage. This weight loss appeared un- 
related to the leg weakness which occurred in 
some of the same chickens, because the two 
symptoms were not always present concur- 
rently. 

COMMENT 

There has been a good correlation between 
paralytic effect in the chicken and a similar 
effect in man. TOCP and Isopestox have 
produced delayed paralysis in both species. 
DFP alone of the organic phosphorus com- 
pounds causing delayed paralysis in chickens 
has failed to elicit this syndrome in man. A 
number of compounds which have failed to 
produce the disease both in man and in chick- 
ens are listed in Tables 1 and 2. 

The finding of acute muscle weakness in 
chickens is of considerable interest because 
of its possible relationship to the delayed 
paralytic effect. The relationship may not 
be the same for all compounds or all species, 
and it may represent mere coincidence when 
it does occur. However, it should be noted 
that the most severely affected chemical 
worker who developed “ginger paralysis” 
following Isopestox intoxication showed 


severe, acute muscle weakness immediately 
after exposure, from which she recovered 
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prior to onset of the delayed paralytic symp- 
toms. 

Parker ** has reported the illness of a child, 
which he attributed to malathion. The signs 
and symptoms which this child developed 
two days after initial exposure to malathion 
were somewhat superficially suggestive of the 
weakness observed in chickens dosed with 
malathion or EPN by a different route. The 
fact that tightness in the chest, increased 
secretion from the respiratory tract, sweat- 
ing, miosis, and fasciculations of the skeletal 
muscles were not specifically reported for 
the child suggests that ordinary poisoning 
by an organic phosphorus compound was not 
involved ; however, comparable changes do 
not always appear in chickens which develop 
leg weakness. The presence of stiffness of 
the neck, positive Kernig’s and Brudzinski’s 
signs, a polymorphonuclear leucocytosis, and 
especially fever (103 F) led to the conclusion 
that an infection was the etiological agent. 
The fact that most of the spinal fluid findings 
were normal does not detract from this 
conclusion. 

Thus, it should be understood that the 
paralytic effect of large subcutaneous doses 
of malathion and EPN in chickens is not 
interpreted as an indication that a similar 
effect in man will result from exposure to 
these insecticides by the more usual routes. 
However, the finding of this sequela of 
malathion and EPN exposure in chickens 
should be a reason for exercising appropriate 
safety precautions until even more wide- 
spread use experience enables one to judge 
more fully the hazard connected with these 
compounds under conditions of actual usage. 
In this connection it must be mentioned that 
8,000,000 Ib. of malathion and a large 
amount of EPN have been manufactured and 
sold since the compounds were introduced 
for agricultural use in 1952 and 1950, respec- 
tively. The toxicity of EPN, as indicated by 
acute and chronic feeding studies, compares 
favorably with the toxicity of parathion and 
TIPP, and on this same basis malathion 
appears to be among the safest (if not 
the safest) organic phosphorus insecticides 
available. 
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SUMMARY 


With use of the paralytic effect in the 
chicken as the best available index of a 
possible paralytic effect in man, a group of 
organic phosphorus insecticides has been 
screened for this property. The compounds 
tested include chlorthion, DDVP, demeton, 
diazinon, EPN, malathion, and OMPA. 

No delayed paralytic effects were seen with 
any of the compounds tested. 

The chickens dosed with malathion and 
EPN developed leg weakness immediately 
after dosing. 

This weakness was reversible after mala- 
thion but was essentially irreversible after 
EPN. 

REFERENCES 

1. Hamblin, D. O., and Marchand, J. F.: Para- 
thion Poisoning, Am. Pract. & Digest Treat. 2: 
1-12, 1951. 

2. Smith, M. I., and Elvove, E.: Pharmaco- 
logical and Chemical Studies of the Cause of So- 
Called Ginger-Paralysis: Preliminary Report, Pub. 
Health Rep. 45:1703-1716, 1930. 

3. Smith, M. I.; Elvove, E., and Frazier, 
W. H.: Pharmacological Action of Certain Phenol 
Esters, with Special Reference to the Etiology 
of So-Called Ginger-Paralysis: Second Report, 
Pub. Health Rep. 45:2509-2524, 1930. 

4. Smith, M. I., and Lillie, R. D.: Histo- 
pathology of Triorthocresyl Phosphate Poisoning: 
Etiology of So-Called Ginger-Paralysis, Arch. 
Neurol. & Psychiat. 26:976-992, 1931. 

5. Hottinger, A., and Bloch, H.: On the Speci- 
ficity of Cholinesterase Inhibition by Tri-O-Cresyl 
Phosphate, Helvet chim. Acta 26:142-155, 1943. 

6. Hunter, D.; Perry, K. M. A., and Evans, 
R. B.: Toxic Polyneuritis Arising During the 
Manufacture of Tricresyl Phosphate, Brit. J. 
Indust. Med. 1:227-231, 1944. 

7. Koelle, G. B., and Gilman, A.: Chronic 
Toxicity of Di-Isopropyl Fluorophosphate (DFP) 
in Dogs, Monkeys and Rats, J. Pharmacol. & 
Exper. Therapy. 87:435-448, 1946. 


ARCHIVES OF 


INDUSTRIAL 


HEALTH 


8. Koelle, G. B., and Gilman, A.: Anticholines- 
terase Drugs, J. Pharmacol. & Exper. Therap. 
95: 166-216, 1949. 


9. Petry, H.: Polyneuritis Through E-105, 
Zentralbl. Arbeitsmed. u. Arbeitsschutz 1:86-89, 
1951. 

10. Bidstrup, P. L.; Bonnell, J. A., and Beckett, 
A. G.: Paralysis Following Poisoning by a New 
Organic Phosphcrus Insecticide (Mipafox): Re- 
port on Two Cases, Brit. M. J. 1:1068-1072, 1953. 


11. Bidstrup, P. L., and Bonnell, J. A.: Anti- 
cholinesterases: Paralysis in Man Following Pois- 
oning by Cholinesterase Inhibitors, Chem. & Indus. 
24:674-676, 1954. 


12. Barnes, J. M., and Denz, F. A.: Experimental 
Demyelination with Organo-Phosphorus Com- 
pounds, J. Path. & Bact. 65:597-605, 1953. 


13. Austin, L., and Davies, D. R.: Part Played 
by Inhibition of Cholinesterases of the CNS in 
Producing Paralysis in Chickens, Brit. J. Pharma- 
col. 9:145-152, 1954. 

14. Hine, C. H.; Gutenberg, E. F.; Coursey, 
M. M.; Seligman, K., and Gross, R. M.: Studies 
on the Neurotoxic and Cholinesterase-Inhibiting 
Effects of Some Organophosphorus Compounds, 
J. Pharmacol. & Exper. Therap. 118:28, 1955. 


15. Bloch, H., and Hottinger, A.: Creatinuria 
in Poisoning by Tri-O-Cresyl phosphate and the 
Influence of Vitamin E upon It, Ztschr. Vitamin- 
Hormon- u. Fermentforsch. 13:9-18, 1943. 


16. Earl, C. J., and Thompson, R. H. S.: 
Cholinesterase Levels in the Nervous System in 
Tri-Ortho-Cresyl Phosphate Poisoning, Brit. J. 
Pharmacol. 7:685-694, 1952. 


17. Davison, A. N.: Anticholinesterases: Inhibi- 
tion of the Cholinesterases of the Central Nervous 
System of Experimental Animals by Organo- 
Phosphorus Compounds, Chem. & Indust. 24:895- 
896, 1954. 

18. Thompson, R. H. S.: Anticholinesterases : 
Esterase Levels in the Nervous System of Animals 
During Demyelination by Tri-O-Cresyl Phosphate, 
Chem. & Indust. 24:749-751, 1954. 


19. Parker, G. F., and Chattin, W. R.: Case of 
Malathion Intoxication in a 10-Year-Old Girl, 
J. Indiana M. A. 48:491-492, 1955. 


330 


Toxicological on Hydrocarbons 


1. A Method for the Quantitative Collection of Femoral Marrow in Small Laboratory Animals 


HORACE W. GERARDE, M.D., Ph.D., Linden, N. J. 


The method to be described has been used 
in our laboratories since 1954 and is cur- 
rently being used in several other laboratories 
for the quantitative collection of femoral mar- 
row in rats, mice, and hamsters. The proced- 
ure is simple, rapid, reproducible and requires 
readily available and inexpensive equipment. 
The techniques described may be used for 
collecting femoral marrow from other animal 
species. The method consists in drilling open- 
ings in the ends of the femur which communi- 
cate with the femoral canal. The marrow is 
subsequently extruded through an outlet in 
the proximal epiphysis by forcing fluid out 
of a syringe through a needle fitted tightly 
into an opening in the distal end of the femur. 
Marrow collected in this manner has been 
used for the preparation of cell suspensions 
suitable for cell counts and for morphological 
and biochemical studies. Results may be 
expressed on an absolute basis, i. e., total 
number of nucleated cells or total quantities 
of marrow constituents in the femoral canal, 
and/or on a concentration basis in terms of 
dry weight, Kjeldahl nitrogen, deoxyribonu- 
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cleic acid, or amount of constituent present 
per nucleated cell. 

The method makes it possible to study the 
qualitative and quantitative changes occurr- 
ing in a-known population of actively hema- 
poietic cells in the femoral canal of mice, rats, 
and hamsters. Although the femoral marrow 
may not be a true “aliquot” of the body mar- 
row, the changes in femoral marrow cell pop- 
ulation, biochemistry, and morphology sug- 
gest the nature and magnitude of the changes 
in the body marrow. 


I. DESCRIPTION OF METHOD 


1. Preparation of Extensions of Femoral 
Canal.—The femur is disarticulated at the 
knee and hip joint by use of scissors and 
scalpel. Care is taken to keep the femur 
intact, since anatomical landmarks are used 
subsequently in preparing the bone for col- 
lection of marrow. The femur is cleaned free 
of soft tissue and ligaments by trimming with 
scissors. Small tags of adherent tissue are 
removed by wiping the bone with cleansing 
tissue. 

The extensions of the femoral canal A-B 
and C-D (Fig. 1) are prepared by drilling 
into the cancellous bone of the epiphyses with 
hand-operated drills held in a pin vise. A 
double-end pin vise (Fig. 2 B) with four 


Fig. 


1.—Diagrammatic 
femur. 


longitudinal section of 
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chuck jaws * has been found to be very satis- 
factory. The drilling is accomplished by ro- 
tating the pin vise with an alternating clock- 
wise and counterclockwise motion while 
pressure is applied to the drilling surface. 

A channel A-B (Fig. 1) is made through 
the cartilaginous cap and cancellous bone of 
the distal epiphysis. The diameter of A-B 
is slightly smaller than the diameter of the 
needle which will be fitted into it subse- 
quently to extrude the marrow. The needle 
must fit in this channel tightly, since the mar- 
row is forced out under pressure. This is 
accomplished by fitting A-B with a needle 
slightly larger than the opening. In preparing 
channel A-B, the drill should just enter the 
femoral cavity B-D. Deeper penetration of 
the drill into the femoral canal may cause 


Taste 1.—Dimensions of Drills Used to Prepare 
Femoral Canal Extensions 


AB 
Length, C, 
Animal Diameter* Mm.  Diameter* 
Rat 18-19 5-6 16-17 
Hamster >50 gm.......... 21-22 3-4 18-19 
Mouse >15 gm...........+. 25-26 2-2.5 20-22 


*Numbers correspond to gauge of standard stainless 
steel hypodermic needles. 


seepage of blood and marrow through the 
foramina normally found in the compact bone 
of the femoral shaft. The depth of penetra- 
tion of the drill is limited by the length of the 
drill extending beyond the chuck jaws. This 
corresponds with the length of A-B, which 
has been determined for the animals studied 
by splitting a femur longitudinally and meas- 
uring the distance from the surface of the 
cartilage A to the cancellous bone at point B 
(Fig. 1). The diameters of the drills used to 
prepare the femoral canal extensions depend 
on the size of the femur. Drill diameters and 
the length of exposed drill extending beyond 
the pin vise chuck jaws for preparing channel 
A-B in the rat, mouse, and hamster are shown 
in Table 1. Drills for use in the pin vise may 


*Pin vise No. 165 manufactured by the L. S. 
Starrett Company, Athol, Mass., or pin vise No. 90 
manufactured by the General Hardware Company, 
New York. Cost, about $1.00. 


332 


be purchased at the hardware store. For 
smaller animals, such as the mouse, satisfac- 
tory drills can be prepared from hypodermic 
needles. The needle shaft is snapped off at 
the desired point by bending it about 90 de- 
grees. The blunt end is sharpened on a 
Carborundum slip stone, and a wooden dowel 
handle is fitted into the needle hub, as shown 
in Figure 2 A, 

An outlet is prepared by drilling through 
the compact bone of the anterior surface of 
the proximal extremity at C (Fig. 1), the 
apex of the “V” formed by the neck of the 
femur and the greater trochanter. The floor 
of C is formed by the inner surface of the 
sloping posterior lamina of compact bone of 
the neck of the femur. In drilling through 
the cancellous bone between the anterior and 
posterior layers of compact bone, one can 
feel the increased resistance as the drill 
strikes the inner surface of the posterior layer 
of compact bone of the neck of the femur. 
In preparing this cavity, the drill does not 
penetrate the marrow canal. A communica- 
tion is made between the marrow canal B-D 
and the outlet C by perforating the wall of 
cancellous bone separating the two cavities. 
This can be accomplished by probing from C 
through the cancellous bone into the femoral 
canal with a bent probe. One can feel the 
sudden decrease in resistance as the probe 
enters the marrow canal. The depth of pene- 
tration into the femoral cavity is limited by 
bending the probe 1 to 2 mm. from the end. 
When completed, C-D is an extension of the 
femoral canal sloping toward the outlet C. 
The diameter of C-D is not critical, but it 
should be large enough to allow passage of 
the marrow with little resistance. The di- 
ameters of the drills used to prepare opening 
C are listed in Table 1. The probe used to 
perforate from C into the femoral cavity 
should have a diameter slightly smaller than 
the diameter of C. 

2. Extrusion of Marrow.—A blunt needle 
with a short shaft (Fig. 2 A) is prepared 
from standard stainless steel hypodermic 
needles by bending the shaft about 90 degrees 
at the point where it is to be shortened. This 


: 
: 


is readily accomplished by clamping the shaft 
of the needle with a pliers, hemostat, or simi- 
lar device and bending the needle at the point 
where it extends from the jaws of the clamp- 
ing device. A stainless steel needle usually 
snaps off when bent at a 90-degree angle. 
The opening of the needle may be slightly 
elliptical at the point of the break, but the 
circular cross section can be restored by in- 
serting a pointed, tapered probe into the 
opening. The length of the needle shaft 
should correspond with the length of 4-B. 
The needle is attached to a 2 to 5 ml. syringe 
and, after removing the plunger, is inserted 
into A-B (Fig. 1), as shown in Figure 2. 
Two milliliters of the washing solution are 
added to the syringe by means of a polyethyl- 
ene wash bottle. The plunger is replaced, and 
the marrow outlet C is inserted into the 
mouth of a collecting tube. When pressure 
is applied to the plunger, a sudden, rapid 
extrusion of marrow and washing fluid oc- 
curs through outlet C. In order to insure 
complete removal of small amounts of mar- 
row which may be retained in the femoral 
canal, 1 to 2 ml. of washing fluid is aspirated 
into the syringe through outlet C with the 
femur still attached to the needle. The fluid 
may be repeatedly washed in and out of the 
femoral canal, since the femur is serving as 
an extension of the needle. The marrow 
washings collected in a separate test tube are 
then added to the marrow harvested in the 
first extrusion. The time required to prepare 
the extensions of the femoral canal and col- 
lect the marrow is about two minutes. 


3. Criteria for Completeness of Collection 
and Reproducibility —Inspection of the fem- 
oral canal after extrusion of the marrow 
shows that traces of marrow may occasionally 
be retained in the femoral cavity. This quan- 
tity constitutes only a small fraction of the 
total femoral marrow. 

A measure of the reproducibility and com- 
pleteness of collection of femoral marrow is 
the correlation of the amount of marrow ob- 
tained from one femur and the contralateral] 
femur in animals differing in weight and hav- 
ing normal as well as pathological femoral 


FIGURE 2 


EQUIPMENT USED FOR QUANTITATIVE COLLEC TION OF FEMORAL MARROW 


Fig. 2.—Equipment used for quantitative collec- 
tion of femoral marrow: A, drill made from hypo- 
dermic needle for mouse femurs; B, double-end pin 


vise for holding drills; C, syringe with shortened 
needle attached for insertion into A-B, and D, 
syringe and shortened needle inserted into A-B, 
distal epiphysis. 


marrow. Animals of different weights must be 
used, because the amount of marrow in the 
femoral canal varies with body weight. The 
correlation should also be checked in animals 
having abnormal marrow, since the marrow 
in the femoral canal may vary in quality and 
quantity in pathological conditions. Normal 
femoral marrow is a solid cylindrical tissue, 
whereas the femoral marrow in rats treated 
with benzene has the appearance and con- 
sistency of blood. In order to ascertain if 
the method is effective in removing normal 
as well as pathological marrow, femoral mar- 
row was collected from both femurs of normal 
rats, mice, and hamsters and from rats treated 
with sufficient benzene to give varying de- 
grees of marrow damage. The correlation 
of the total nucleic acid phosphorus found 
in the right and left femurs of these animals 
is shown in Figure 3. Similar correlations 
were found for total protein and nucleated 
cell population. The excellent correlations 
confirm the evidence obtained from inspec- 
tion of the femoral canal regarding the com- 
pleteness of removal of femoral marrow. 


II. APPLICATION OF THE METHOD 


1. Determination of Femoral Marrow Nu- 
cleated Cell Population—For nucleated cell 
counts the marrow is extruded with 5% 
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Fig. 3.—Correlation of total nucleic acid phos- 
phorus in right and left femurs of normal mice, rats, 
hamsters, and benzene-treated rats. 


acetic acid into a 15 ml. conical centrifuge 
tube. The femoral canal is washed by aspi- 
rating 2 to 3 ml. of 5% acetic acid into the 
syringe, and the washings added to the ex- 
truded marrow. A cell suspension is pre- 
pared by repeated aspiration of the marrow 
and marrow washings into a 1 ml. TB syr- 
inge fitted with a 3% in. 15 gauge needle. 
Two to three milliliters of 5% acetic acid is 
added to the cell suspension, and the aspira- 
tion procedure repeated. The cell suspension 
is diluted to 10 ml. with 5% acetic acid, and 
the tube inverted and shaken several times. 
For nucleated cell counts aliquots of this 
suspension are diluted with 5% acetic acid, 
the extent of the dilution depending on the 
cell population of the concentrated suspen- 


A. 
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sion, For mice weighing more than 20 gm., 
the marrow from a single femur is diluted 
to 50 ml.; for rats and hamsters weighing 
more than 75 gm., a final dilution to 300 ml. 
has been used. The cells are counted in the 
four 1 mm. squares of the hemacytometer, 
which are ordinarily used for peripheral blood 
leucocyte counts. The femoral marrow nucle- 
ated cell population of a single femur is 
obtained from the following expression : 
Average count in 1 sq. mm. dilution x 10,000 
2. Determination of Nucleic Acids —For 
nucleic acid analysis the marrow is extruded 
with cold 5% trichloroacetic acid (TCA) 
into a conical centrifuge tube. The femoral 
canal is washed with 5% TCA, and the 
washings added to the bulk of the extruded 
marrow. The precipitated marrow is broken 
up with a stirring rod or dispersed by aspi- 
rating several times into a syringe. Nucleic 
acids were determined by a modification of 
the method of Schmidt and Thannhauser.’ 


III, RESULTS AND COMMENT 


The nucleated cell population, total nucleic 
acid phosphorus (TNAP), and deoxyribo- 
nucleic acid phosphorus (DNAP) of the 
marrow in a single femur of normal male 
albino rats (Carworth Farm), mice (Rock- 
land), and golden hamsters are shown in 
Table 2. It will be noted that the cell popu- 
lation and nucleic acids increase with the 
weight of the animal. These increments ap- 
pear to be proportional to the increases in 


TaBL_e 2.—Femoral Marrow Nucleated Cell Population and Nucleic Acids in Single Femur of Normal 
Male Animals 


10° Nucleated Cells TNAPt DNAPt 

Animals* Wt., Gm. Mean 8.D.% Mean 8.D. Mean 8.D. 
400+10 210 16 190 15 105 ll 
300+10 195 19 180 18 100 10 
200+10 168 15 160 14 85 8 
100+10 110 12 9 55 6 
70+7 15 10 47 5 
eee 30+2 19.2 4 19 2.3 12 2 
ee 202 15.8 3 12 1.5 7 12 
120410 60 5.4 65 7 39 5 
42 44 48 5 25 3 


* Fed commercial pelleted diets; at least five animals were used for each weight. 


+ Micrograms. 
?8.D.=Standard Deviation. 
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body weight during the early growth of the 
animal but diminish thereafter. The 400 gm. 
rat, for example, has approximately twice the 
quantity of femoral marrow that is found 
in the 100 gm. rat. A similar ratio of body 
weight to femoral marrow is seen in the 
mouse and the hamster. For the rats which 
we have studied, the femoral marrow nucle- 
ated cell population and total nucleic acid 
phosphorus per gram of body weight are 
maximal in the 70-100 gm. animals. These 
maxima are approximately 1,000,000 nucle- 
ated cells, and ly of nucleic acid phosphorus 
per gram of body weight in a single femur. 
Minimal values were found in the heaviest 
animals weighing about 400 gm., i. e., 500,- 
000 nucleated cells and 0.5y of nucleic acid 
phosphorus per gram of body weight in the 
femoral marrow of one femur. In mice the 
maximum number of nucleated cells per 
gram of body weight was found in the ani- 
mals weighing about 10 gm., which had ap- 
proximately 1,000,000 nucleated cells per 
gram of body weight per femur. Hamsters 
weighing approximately 50 gm. approach the 
maximum values per gram of body weight 
found in mice and rats. The older and 
heavier hamsters also approach the minima 
found in mice and rats for these constituents 
of femoral marrow. We intend to study the 
femoral marrow of other normal animal spe- 
cies to ascertain if the values found for 
femoral marrow constituents in mice, rats, 
and hamsters are representative of other spe- 
cies. Extrapolation on the basis of these data 
gives a hypothetical figure of 35 10° nucle- 
ated cells for each femur of a normal 70 kg. 
man. 


The average quantity of deoxyribonucleic 
acid (DNA) in each nucleated cell in the 
femoral marrow of the rat, mouse, and ham- 
ster is 5 to 6 picograms (5-610 gm.). 
This value does not vary significantly with 
the age of the animals and is in agreement 
with the value reported by Davidson and as- 
sociates * for adult rat marrow. 


The method for the quantitative collection 
of femoral marrow has been used as an addi- 
tional criterion of injury in a study of the 
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effect of hydrocarbons on hemapoiesis and 
bone marrow metabolism in rats. These 
studies have been reported.¢ In addition to 
the hydrocarbon studies, the effect of other 
factors, such as diet, age, and pregnancy, is 
being investigated. 


IV. SUMMARY 


A method has been developed for the quan- 
titative collection of femoral marrow in small 
laboratory animals by extrusion of marrow 
through an extension of the femoral canal in 
the proximal end of the femur. The principal 
criterion of effectiveness of the method is the 
correlation of total femoral marrow nucleic 
acid found in both femurs of a number of 
normal mice, rats, and hamsters and benzene- 
treated rats. The method has been found to 
be eftective for the quantitative collection of 
normal, as well as pathological, femoral mar- 
row. Normal values for femoral marrow nu- 
cleic acids and nucleated cell population in 
male Carworth Farm rats, Rockland mice, 
and golden hamsters have been determined 
by this method. Since the method makes it 
possible to conduct quantitative studies on 
bone marrow, it is suggested as an objective 
procedure for studying the effects of nutri- 
tion, chemicals, and other factors on hema- 
poietic tissue. 
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R. S. YUNGHANS, M.A., Indianapolis 


INTRODUCTION 


Diacetone alcohol (4-hydroxy-4-methyl-2- 
pentanone [diacetonyl acetone, diacetone, 
Deo, etc.]) is used to dissolve oils, fats, and 
tars, in compounding antifreeze solutions, 
hydraulic fluids, and metal cleaners, as a sol- 
vent for natural and synthetic resins, and as a 
component of protective coating formulations, 
especially cellulose ester lacquers. Although 
its uses are extensive, the material is not 
frequently encountered by the industrial hy- 
giene chemist; therefore, methods for the 
determination of the material in very small 
quantities in air have not been required and 
are practically nonexistent in the literature. 


The toxicology of diacetone alcohol 
(D. A. A.) is discussed by Lehmann and 
Flury * and by Elkins.*? A 50 ppm M. A. C. 
value proposed by Silverman * was adopted 
tentatively in 1954 by the A. C. G. I. H.* 

Calculations show that milligram to sub- 
milligram quantities of D. A. A. will be col- 
lected from atmospheres having significant 
concentrations. The methods of Jacobs and 
Scheflan ® and Frere and Busz* were con- 
sidered to be not sensitive enough for deter- 
mining such small quantities. 


The spectrophotometric iodoform proced- 
ure developed by Dal Nogare and associ- 
ates * for the determination of acetone and 
acetaldehyde was applied to diacetone alco- 
hol with excellent results. The application of 
this method avoids the tedious titrations and 
laborious standard solution preparations in- 
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herent in existing methods and gives the sen- 
sitivity desired. 


REAGENTS PREPARATION 


Sodium hydroxide: 20% aqueous solution 

Iodine: Dissolve 400 gm. of potassium iodide in 
800 ml. of water; add 200 gm. of iodine and mix 
until dissolved 

Sodium thiosulfate: 5% solution 

Chloroform: C. P. reagent grade 

Stock diacetone alcohol solution: Distill technical 
grade diacetone alcohol at 35 mm. of mercury and 
collect the fraction boiling at 80 C; dilute 1.0 gm. 
to 100 ml. with distilled water; prepare diluted 
standards from this stock solution 


SAMPLING TECHNIQUE 


Draw 10 to 20 liters of air at 1.0 to 2.0 liters per 
minute through a midget impinger containing 10 
ml. of water. 


TasLe 1.—Collection Efficiency of Diacetone 


Alcohol 

D.A.A 

Collected 

in First Total 

Collection Air Im- D.A.A. Effi- 

Sampling Rate, Sampled, pinger, Collected, ciency, 
Device L./Min. Liters Mg. Mg. Per Cent 
Midget 1% 164 192.0 207.0 92.7 
impinger 


A collection efficiency of 92.7% (Table 1) was 
obtained by drawing dry air saturated with D. A. A. 
vapor through a train of midget impingers. A 95% 
efficiency, calculated by noting the amount collected 
in a second impinger in series, was obtained by 
sampling an atmosphere containing 28 ppm of 
D. A. A. 


PROCEDURE 


Each sample should be carried through 
the complete procedure individually so as to 
avoid errors due to the possible decomposi- 
tion of iodoform. The analysis is carried out 
in the following manner and is essentially 
that of Dal Nogare and associates.” 


2 

= 

A 


DETERMINATION OF DIACETONE ALCOHOL IN 


0.4 


0.2 Calibration curve for 


diacetone alcohol deter- 
mination. 


ABSORBANCY 


0.2 


MG. of D.A.A. 


1. Pipette 10 ml. of iodine solution into a 125 ml. 5. Immediately add 22 ml. of chloroform from a 
separatory funnel and add 3.3 ml. of sodium graduated cylinder and shake 150 times. 
hydroxide solution. Mix by swirling. If the 6. When the phases separate, transfer the chloro- 
resulting hypoiodite solution is not distinctly form layer to a second 125 ml. separatory 
orange-yellow, make it so by dropwise addition funnel containing 20 ml. of distilled water and 
of iodine. 2 drops of sodium thiosulfate. Shake 50 times. 

2. To the hypoiodite solution, add from a pipette 7. Allow the phases to separate and run the 
1 to 5 ml. of the sample solution containing chloroform solution through a No. 40 What- 


man filter paper into a 25 ml. volumetric flask. 
It is not necessary to wash the filter paper with 
chloroform. 

8. Dilute the filtered chloroform extract to 
volume with chloroform and measure the ab- 
sorbancy at once in matched 1.0 cm. silica cells 
at 347 mu against chloroform in a Beckman 
D. U. or comparable spectrophotometer. Either 

4. After reaction, discharge the iodine color with the hydrogen discharge or tungsten light 
two drops of sodium thiosulfate. sources may be used. 


no more than 0.5 mg. of diacetone alcohol and 
mix immediately. 


3. Stopper the funnel and time the reaction for 
five minutes. If during this time the orange- 
yellow color of the iodine solution is gradually 
discharged, restore the color by dropwise addi- 
tion of iodine. 
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9. A blank and 0.1 to 0.5 mg/ml. 
standards are run along with the unknowns. 
Prepare a calibration curve of corrected 
absorbancy vs. concentration. 


It is convenient to calculate results in the 
following manner 


AsXV 
ppm= SxVX «210.8 
As, = sample absorbancy minus blank absorbancy 
V, = total volume of sampling media in milliliters 
S = slope of calibration curve 
V.= volume in milliliters of sampling media used 
for analysis 
V = total volume of air sampled in liters 
E = collection efficiency 
210.8 = 


conversion factor used to change mg/liter 
into ppm. 


RESULTS AND COMMENT 

A typical calibration curve is shown in the 
Figure. On a mole/mole basis the iodoform 
yield obtained from diacetone alcohol is 
104% of the theoretical. 

Standards should be run along with each 
series of unknowns, because slight shifts of 
the calibration curve occur owing to blank 
variations between 0.004 and 0.008 absorb- 
ancy units. 

Ethyl alcohol, acetaldehyde, methyl ke- 
tones, and methyl carbinols that can be oxi- 
dized by hypoiodite to methyl ketones inter- 
fere. Materials extracted by the chloroform 
and having absorption at the analytical wave 
length, although not giving the iodoform 
reaction, also interfere with the determina- 
tion. Dal Nogare and associates’ discuss 
interferences and the effect of reagent con- 
centration and order of reagents addition. 

Freshly greased separatory funnel stop- 
cocks have been found to cause errors due to 
leaching of the grease by the chloroform used 
in extraction. All separatory funnels should 
be rinsed with chloroform before beginning 
a series of determinations to avoid such 
errors. 

Measurement of the final chloroform ex- 
tract should be accomplished as quickly as 
possible to avoid any error due to decom- 
position of the iodoform. When kept in dif- 
fuse light, no absorbancy change of a 1.0 
mg/25 ml. solution of iodoform in chloro- 
338 


solution 


ARCHIVES OF INDUSTRIAL HEALTH 
form was noted over a 20-minute period. 
Actual analysis time for one sample is ap- 
proximately seven minutes. 

The data shown in Table 2 give the ac- 
curacy of the method. A concentration of 
5.0 ppm diacetone alcohol in air can be de- 
termined by sampling 10 liters of air and 
analyzing a 5 ml. aliquot of the absorbing 
medium. The method, as described, was used 
by this laboratory to evaluate the atmospheric 
D. A. A. concentration in a manufacturing 
plant. Concentrations in this particular in- 
dustrial atmosphere varied from 5 to 25 
ppm. Greater sensitivity could be obtained 
by sampling a larger volume of air or by 
increasing the size of the absorption cell. 

Application of the procedure to the deter- 
mination of hexone (methyl isobutyl ketone ) 
in air is feasible; iodoform yields of 76% 


Tas_e 2.—Analytical Data for Diacetone Alcohol 


Absorbancy 


(As) Diacetone 
Sample, Corrected Calculated, Aleohol 
No. for Blank Mg. Found Difference 
1 0.237 0.350 0.359 +0.009 
2 0.027 0.088 0.041 +0.003 
3 0.160 0.241 0.243 +0.002 
4 0.305 0.454 0.463 +-0.009 


have been obtained. An evacuated flask or 
some other suitable technique of collection 
must be used, because the efficiency of collec- 
tion in water is in the order of 6%. 

Preliminary experiments conducted in this 
laboratory show that it is possible, by using 
a suitable combination of collecting tech- 
niques, to estimate simultaneously the con- 
centration of both diacetone and hexone in 
air. A future study of this problem is con- 
templated. 

SUMMARY 

A simple, rapid procedure is presented for 
the determination of diacetone alcohol in air. 
Data on the accuracy of the method are 
given ; errors are discussed. 

Midget impinger collection efficiencies are 
shown. 

The method is applicable to the determina- 
tion in air of a number of solvents important 
to the industrial hygiene chemist. 


d 


DETERMINATION OF DIACETONE 

Mr. J. C. Wells, laboratory chief, offered valu- 
able suggestions during the course of this investiga- 
tion. 
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Thxicology 


Il. Chronic Toxicity 


HENRY J. HORN, M.D. 
and 
ROBERT J. WEIR, M.S., Falls Church, Va. 


A previous publication, Part I,’ has cov- 
ered the literature as well as the acute and 
subacute toxicity. This section will cover the 
toxicity occurring in dogs and rats exposed 
to a low concentration of chlorine trifluoride 
for a period of six months. 


EXPERIMENTAL DESIGN 


Two dogs, weighing 10.3 and 9.3 kg., respectively, 
and 20 rats, average weight 276 gm., were exposed 
to an average concentration of 1.17 parts per million 
(ppm) of chlorine trifluoride for a total period of 
six months on a six-hour-per-day, five-day-per-week 
basis. An additional 2 dogs and 20 rats were housed 
in the same room and served as controls. 

A schematic diagram and description of the ex- 
perimental apparatus have been presented in Part I.1 
Only minor changes were made, consisting of (1) 
removal of the decontamination unit in the exhaust 
system of the exposure chamber and (2) replace- 
ment of the bimetallic temperature controller with 
an electronic proportioning controller. The flow of 
chlorine trifluoride from the cylinder was controlled 
by temperature alone, that is, the chlorine trifluoride 
was maintained just below its boiling point; hence, 
the rate of evaporation determined the quantity of 
chlorine trifluoride delivered into the chamber. A 
constant rate of air flow was maintained through 
the exposure chamber at 220 liters per minute. The 
time for equilibration to 90% of concentration was 
approximately five minutes. Difficulties with the ex- 
perimental apparatus occurred on several occasions, 
but appreciable increases in concentration occurred 
only four times during the six-month experiment; 
a concentration of zero ppm occurred on one oc- 
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casion. These variations were corrected as quickly 
as discovered by the sampling technique. Minor 
variations in concentration were due to limitations 
of the regulating controls and chemical analyses. 

The chemical determination of the concentration 
in the chamber was accomplished by drawing a 
known quantity of the chamber atmosphere through 
bubblers containing 0.1% sodium hydroxide solu- 
tion. Samples were not drawn until 90% equilibra- 
tion had been reached. The quantity of atmosphere 
drawn was metered with a “Precision” wet-test 
meter. The contents of the bubblers were made up 
to standard volume, and an aliquot was analyzed for 
chloride by the Volhard-Harvey method.? From 
these data the concentration of chlorine trifluoride 
could be calculated to be 1.17 ppm, with a standard 
deviation of +0.678. 

In order to check the concentration, several of 
the samples were also analyzed for fluoride by the 
method of Revinson and Harley.* The concentration 
by this method was found to be 1.48 ppm, with a 
standard deviation of -+0.693. However, since 
greater difficulty was encountered and only a few 
samples were analyzed by the fluoride method, it is 
felt that the determination of concentration as de- 
scribed in the previous paragraph is more accurate. 


RESULTS 


During the early days of the experiment 
signs of toxicity were seen in the dogs and 
consisted of rhinorrhea, lacrimation, saliva- 
tion, blinking of the eyes, and occasional 
coughing. Rhinorrhea was usually noted 
within 45 minutes, while obvious lacrimation 
was evident after three hours of exposure. 
The rats appeared relatively unaffected and 
huddled quietly in the corners of the cham- 
ber. All the animals recovered overnight and 
appeared normal in the morning before the 
exposure was renewed. All animals developed 
a “singed feel” of the fur following the first 
exposure and thereafter. 


On the ninth day of the experiment the 
rats began preening immediately after the 
exposure was initiated. This lasted for 10 
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minutes and was followed by depression, 
which existed throughout the exposure 
period. Depression was noted thereafter dur- 
ing each exposure, and occasionally there 
was some blood-tinged exudate on the nares 
and around the eyes of the rats. By the 55th 
day of the experiment the rats had begun 
to appear unthrifty, and some depression 
existed after exposures were terminated. On 
the 56th day, following 39 exposures, the 
first death occurred in the experimental rats. 
An additional four rats died during the ex- 
periment, one each on the 71st, 147th, 149th, 
and 178th day of the experiment. In addition, 
one rat was accidentally killed. In compari- 
son with this, there were two deaths in the 
control rat group. 


On the 15th day of the experiment both 
dogs coughed up mucoid material which 
appeared to contain bright red blood. On the 
28th day, or after a total of 18 exposures, 
the dogs began to have marked blinking of 
the eyes and rapid respiration or “panting.” 
The coughing up of mucoid material was 
noted frequently throughout the experiment, 
although blood was not always evident. 
Blinking of the eyes and the change in the 
respiratory pattern became part of the daily 
signs of toxicity observed while the animals 
were in the exposure chamber. Furthermore, 
rhinorrhea, lacrimation, and some salivation 
persisted after termination of each day’s ex- 
posure. These signs seemed to subside by 
morning for the first 59 days of the experi- 
ment. On the morning of the 60th day, or 
after a total of 42 exposures, one dog (Dog 
X-2) had a thick mucoid nasal discharge. 
Following the 63d day of the experiment 
this dog was anorexic and remained so for 
the next five days. On the 65th day its condi- 
tion appeared worse; body temperature was 
103 F, coughing and sneezing were frequent, 
and breathing was difficult. Since it appeared 
that the dog had pneumonia, 600,000 units 
of penicillin G was administered daily for 
the next six days, and the dog was withheld 
from exposure for two days. On the 67th 
day of the experiment the other experimental 
dog (Dog X-1) began to show the same 
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signs; penicillin was administered to this 
dog for the next four days, and it was with- 
held from one day’s exposure. On the 72d 
day both dogs appeared to have recovered. 

On the 87th day, or after 61 exposures, 
Dog X-2 again appeared to have pneumonia. 
Penicillin was administered, but the dog was 
not withheld from exposure; this dog re- 


TasLe 1.—Weights Taken Throughout Course of 
Experiment on Animals Exposed to Vapor of 
Chlorine Trifluoride at an Average Con- 
centration of 1.17 Ppm 


Total Experimental Period was Six Months. Dog 
X-1 Died on the 115th Day of the Experiment. Dogs 
C=Control; Dogs X=Experimental. 


Average Weight 
Weight of Dogs of Rats 
Time -—— 


Inter- C-2 X-1 X-2 Con- Experi- 

val, Male, Male, Male, Male, trol, mental, 
Day Kg. Kg. Keg. Keg. Gm. Gm. 
Initial 8.0 8.4 10.3 9.8 294 276 
8 8.0 8.2 9.9 10.1 299 281 
21 8.4 8.3 9.7 9.5 316 274 
25 8.4 8.4 9.8 9.7 326 293 
$2 8.8 8.6 10.0 9.7 326 304 
89 8.8 9.0 10.6 10.5 325 307 
46 9.0 9.3 10.2 10.1 334 306 
BS 94 9.8 10.3 10.1 305 300 
63 9.5 9.7 10.4 9.6 333 311 
7 9.2 9.5 10.3 10.0 344 308 
81 9.7 9.7 10.6 10.0 344 313 
88 9.7 9.9 11.5 11.2 333 309 
98 9.8 9.8 11.5 11.1 334 314 
102 9.8 9.8 11.5 11.2 332 307 
109 9.9 10.0 10.7 11.3 330 313 
115 9.6* 336 es 
119 10.0 10.4 ekee 11.7 338 309 
126 10.1 10.4 11.6 340 305 
134 10.0 11.0 10.5 347 315 
140 10.0 11.2 11.0 352 312 
146 9.8 11.1 11.5 355 322 
130 9.8 11.2 11.6 356 333 
157 10.2 11.1 11.4 358 340 
164 9.8 10.7 11.3 359 341 
171 10.0 10.6 11.4 S47 347 
178 10.3 10.5 11.6 349 353 


* Weight after death 


covered by the 109th day, or after 77 ex- 
posures. On the 111th day Dog X-1 became 
anorexic and began to show signs of pneu- 
monia. Although penicillin therapy was con- 
tinued, constant coughing, difficult breathing, 
and anorexia persisted until this dog died, 
on the 115th day, or during the 82d ex- 
posure. 

The surviving experimental dog (Dog 
X-2) continued to show lacrimation, rhinor- 
rhea, salivation, occasional coughing, sneez- 
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ing, and blinking throughout the remaining 
exposure days. These signs were evident 
after exposure was terminated in the evening 
and frequently were still present the next 
morning. Anorexia was not noted again 
during the experiment. 


The weights of both rats and dogs are 
presented in Table 1. There was no signifi- 
cant difference in the experimental rats vs. 
the control; however, the experimental dogs 
did not gain consistently or in amounts 
equivalent to the control dogs. 

Hematology.—Routine blood studies were 
performed on dogs throughout the course 
of the experiment and are presented in 
Table 2. High white cell counts and sedi- 
mentation rates were found to coincide with 
the signs of pneumonia seen in the experi- 
mental dogs. Otherwise, routine hematologi- 
cal findings were within normal limits. 

Biochemistry.—In order to determine the 
fate of the fluoride ion, urine was analyzed 
by the method of Revinson and Harley.’ 
The urine of both control dogs contained 
no fluoride within the limits of accuracy of 
the method, while the urine of both experi- 
mental dogs contained 9.2 and 10 mg. of 
fluoride, respectively, per 100 cc. It would 
appear, therefore, that the fluoride ion is 
rapidly excreted through the kidneys. It was 
thought that the fluoride concentration in 
other tissues, such as lung, liver, and blood, 
might also be analyzed by this method; 
however, this proved unsatisfactory. 


Table 3 presents the values for the blood 
urea nitrogen, blood sugar, plasma CO: 
combining power, plasma chloride, icterus 
index, and  sulfobromophthalein sodium 
(Bromsulphalein) retention studies per- 
formed throughout the experiment. All 
values were within normal limits except 
the blood urea nitrogen and chlorides of 
the dog which died on the 11th day of the 
experiment. Studies performed on the 114th 
and 115th days showed high blood urea 
nitrogen and low chloride values, indicative 
of renal shut-down and interference in the 
electrolyte balance. 
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Taste 2.—Routine Blood Studies Performed 
Throughout Course of Experiment on Male 
Dogs Exposed for Six Months to Vapor 
of Chlorine Trifluoride 


Dog X-1 Died on the 115th Day of the Experi- 
ment. Dogs C=Control; Dogs X—Experimental. 


Sedi- 
Time men- Hemato- Hemo- 
Inter- tation crit, globin, Blood 
val, Dog, Rate, per Gm./100 Volume, 
Day No. WBC 1Hr. Cent Ce. Ml. 
Initial C-1 7,400 2 44.5 12.7 
C-2 8,100 3 46.5 14.6 
X-1 8,400 2 50.5 16.1 
X-2 10,800 4 48.0 13.9 
16 O-1 9,200 2 48.0 16.2 
C-2 9,050 6 42.0 14.6 
X-1 9,500 2 46.0 15.9 
X-2 15,300 2 53.5 17.9 
30 Cl 11,800 1 47.0 15.2 
C-2 8,200 6 42.0 13.5 
X-1 7,200 2 49.5 15.3 
X-2 10,500 2 48.2 16.4 
44 C-1 9,300 2 51.0 15.6 
C2 12,500 19 42.0 14.3 
X-1 8,200 1 48.0 15.3 
X-2 9,850 2 49.0 15.6 
51 Cl 10,300 2 52.0 16.0 
0-2 12,200 4 0.2 16.0 
X-1 8,800 2 50.2 16.4 
X-2 10,500 2 50.5 16.2 
65 C1 9,400 2 51.0 16,7 
C-2 13,000 5 43.0 15.0 
X-1 14,300 20 53.0 15.9 
X-2 25,200 5 48.0 15.5 
79 C-1 15,000 2 50.0 17.8 
C-2 8,000 4 39.0 13.5 
X-1 10,400 2 44.0 12.9 
X-2 7,000 9 40.5 13.4 
98 C-1 12,900 1 51.0 17.7 
C-2 11,400 3 46.0 15.0 
X-1 15,400 2 51.5 16.7 
X-2 14,400 3 48.0 14.9 
107 C-1 10,746 1 50.0 17.0 
C-2 12,700 5 44.0 13.7 
X-1 22,200 22 49.0 15.2 
X-2 15,800 15 45.0 14.2 
114 X-1 25,100 5 51.0 
121 C-1 9,000 1 53.0 17.1 
C-2 9,450 13 45.0 13.9 
X-2 11,100 2 52.0 16.8 
135 C-1 11,060 1 49.5 14.9 
C-2 11,500 5 40.0 11.3 
X-2 9,400 2 52.0 15.2 
148 C-1 9,050 1 48.0 16.2 617 
0-2 8,540 s 44.0 13.7 706 
X-2 14,600 2 48.0 16.8 697 
162 C-1 12,600 1 50.0 16.7 
C-2 10,500 3 46.0 15.3 
X-2 12,900 8 47.0 14.9 ose 
176 Cl 12,800 1 52.0 17.1 494 
C-2 11,000 1 50.0 15.6 622 
X-2 12,600 3 50.0 15.9 720 
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TaBLe 3.—Blood Chemistry Values from Male Dogs Exposed to an Average Concentration of 1.17 Ppm of 
Chlorine Trifluoride for a Total Experimental Period of Six Months 


Dog X-1 Died on the 115th Day of the Experiment. Dogs C=Control; Dogs X=Experimental. 


Time Plasma Plasma 
Interval, Blood BUN, Blood Sugar, Chlorides, ©O2, Vol. Ieterus 
Day Dog, No. Mg./100 Ml. Mg./100 Ml. Mg./100 MI. per Cent Index 


Initial ©-1 11.6 76.0 644 
19.5 81.0 645 


~ 
2 


we 


MMO 


xX 
x 


~ 


Hemolyzed 


15’ 30’ 
53.6 we oe 
13.5 73.0 635 56.6 ay 
12.0 77.0 655 47.0 
16 13.5 70.0 640 61.7 6.0 
18.0 80.0 640 57.0 6.0 ret 
15.8 75.0 638 65.0 6.0 
15.7 66.0 662 46.9 6.0 a a a 
30 17.7 75.0 647 51.1 6.0 s 4 4 
18.8 86.0 652 54.5 6.0 4 4 
15.0 90.0 640 55.3 6.0 2 0 oe 
15.8 93.8 654 56.3 6.0 Trace 0 pe 
44 18.0 80.0 663 59.1 4.0 
15.6 673 52.8 3.8 
12.3 67.5 642 53.1 5.7 
12.8 70.0 658 49.9 5.0 " oe an 
51 12.8 67.5 668 56.2 6.0 4 2 B. 
12.8 67.5 668 56.2 6.0 4 2 S 
8.0 83.0 648 59.2 6.0 2 0 me 
a 18.8 73.7 675 53.3 6.0 2 0 ae 
65 C1 10.8 62.5 665 49.0 : 
C2 18.2 75.0 645 53.1 
X-1 6.8 77.5 625 58.6 
X-2 7.0 53.7 654 48.5 
79 C-1 11.7 79.0 660 56.3 0 0 i, 
C-2 14.7 93.0 663 53.4 . 2 0 = 
X-1 10.4 80.0 660 59.4 2 0 
X-2 10.7 90.0 660 66.1 ° 2 0 is 
93 15.5 86.2 640 PP 
C-2 10.8 96.2 656 atk “a 
X-2 14.7 71.5 656 * 2 
107 C1 13.2 98.8 656 50.0 0 0 
15.8 102.5 649 61.0 0 0 
X-1 75 93.8 635 52.0 0 0 
X-2 12.0 103.8 667 53.0 ° 0 0 
14 X-1 29.4 72.5 528 
115 X-l 52.2 514 52.2 
135 9.3 75.0 647 58.2 lg 
11.9 88.8 646 51.9 . 2 0 ie 
13.4 76.3 669 44.6 * 4 2 ee 
148 12.2 77.5 670 47.5 
18.0 11.5 680 43.1 . 
162 C-1 14 70.0 661 49.3 0 
C2 10.5 76.8 658 40.0 * 2 0 ' 
X-2 12.0 75.0 659 42.9 * 4 0 : 
176 14.1 70.0 647 48.3 0 0 
C2 15.6 82.8 655 44.4 2 0 
X-2 14.7 72.5 647 42.5 * 2 0 a 
* Not indicated. Ee 
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Routine urine analyses were performed pe- 
riodically (approximately every two weeks) 
during the experiment. Appearance, reaction, 
specific gravity, sugar, protein, urobilinogen, 
and occult blood were studied, and micro- 
scopic examinations were performed. All 
values were within normal limits. 


Gross Pathology—The experimental rats 
which died during the course of the study 
showed the following conditions: Gross pa- 
thology was limited to the lungs, which did 
not collapse when the thorax was opened. 
The external surface and cut section were 
a homogeneous dark-red color. The lungs 
had a solid consistency, and a small amount 
of edema fluid was expressed with gentle 
palpation. All other organs appeared to be 
within normal limits. 


The experimental rats which were killed 
at termination of the exposure showed pa- 
thology which was limited to the lungs. 
Eight had red coloration of the external 
and cut surfaces. Of these, one had hemor- 
thagic lungs and six showed edema fluid 
with gentle palpation. The lungs of the other 
six rats were slightly hyperemic. All other 
organs appeared to be within normal limits. 


The control rats which died during the 
course of the experiment were too autolyzed 
for adequate autopsy. The cause of death, 
therefore, was undetermined. 

The gross appearance of the remaining 
control rats that were killed indicated some 
degree of pathology in the lungs. In approxi- 
mately one-half of the survivors the lungs 
remained distended and appeared hyperemic 
on external surface. Of these, six exuded 
some blood on cut section, and two exuded 
edema fluid. The remaining organs appeared 
to be within normal limits. 

Autopsy of Dog X-1 which died on the 
115th day revealed severe pathology. The 
mouth was open, and a considerable amount 
of greenish, bile-like material was seen in 
the corners of the mouth, while the mouth 
area was covered with a mucous material; 
the tongue was protruding and had a blue 
discoloration. When the thorax was opened, 
the lungs failed to collapse and showed 
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massive areas of dark-red discoloration on 
external surface. The lungs felt generally 
solid, and there were many nodular areas. 
Cut section showed multiple abscesses. The 
lungs were fibrotic and congested; the main 
bronchus contained considerable bloody, mu- 
copurulent material, and the larynx showed 
mucosal irritation and was filled with the 
same substance seen in the main bronchus. 
The gall bladder was distended, and the 
esophagus was discolored a bright yellow. 
The rectum was void of fecal material, and 
the urinary bladder was distended. All other 
organs appeared within normal limits. 

Both control dogs and experimental Dog 
X-2 which were killed at the termination of 
the experiment appeared grossly within nor- 
mal limits. 


Microscopic Pathology—The microscopic 
examination of the organs verified the gross 
examination and revealed marked lung pa- 
thology. In the experimental rats which died 
there was pulmonary edema and broncho- 
pneumonia, while in the surviving experi- 
mental rats there was pulmonary irritation. 
In the experimental dog which died there 
was purulent bronchitis and pulmonary 
abscesses, while in the surviving dog there 
was alveolar hemorrhage, interstitial edema, 
and irritation. Microscopic sections of the 
control rats and dogs were not remarkable. 


SUMMARY 


Dogs and rats were exposed to an average 
concentration of 1.17 ppm of chlorine tri- 
fluoride for a total period of six months on 
a six-hour-per-day, five-day-per-week basis. 
Signs of toxicity in the dogs consisted of 
coughing, sneezing, rhinorrhea, lacrimation, 
salivation, panting-type respiration, and oc- 
casionally coughing up a frothy fluid. After 
about two months both dogs had recurrent 
bouts of pneumonia, which resulted in the 
death of one dog on the 115th day of the 
experiment. Signs of toxicity were not so 
pronounced in the rats, but after several 
weeks they had a blood-tinged discharge 
about their nares and eyes. Furthermore, 
they appeared depressed and unthrifty. Dur- 
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ing the course of the experiment six rats 
died, one of which was killed accidentally. 
The pathological findings, gross and micro- 
scopic, of the surviving experimental rats 
were unquestionably severer than those of 
the control and indicated pulmonary irrita- 
tion. In those experimental rats which died 
there was pulmonary edema and broncho- 
pneumonia. The experimental dog which 
died had purulent bronchitis and pulmonary 
abscesses, while the surviving dog had 
alveolar hemorrhage, interstitial edema, and 
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irritation. Gross and microscopic pathology 
of the control dogs was not remarkable. 
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Some of the acute and chronic effects of 
diborane intoxication have been described 
previously.* These reports indicate that 
diborane is a very toxic compound. It has 
been suggested that a concentration of less 
than 1 ppm is the maximal allowable concen- 
tration for chronic exposure of man,’ and 
the Committee on Threshold Limits of the 
American Conference of Governmental In- 
dustrial Hygienists has established a tenta- 
tive threshold limit value of 0.1 ppm.* 

For rats the L. C.59 by inhalation for a 
four-hour exposure is about 50 ppm. Pul- 
monary edema and hemorrhages in the 
lungs were found in animals dying after this 
exposure.* 

Because of the increased use of the boron 
hydrides in laboratories and in industry, the 
personnel handling these compounds should 
be made aware of the health hazards 
involved. Rozendaal* has reported clinical 
observations on persons exposed to varying 
amounts of boron hydrides, including a case 
history of diborane poisoning. He states that 
exposure to diborane produces a syndrome 
comparable with “metal fume fever” and 
exposure to pentaborane gives rise to a clini- 
cal picture of “marked irritation of the cen- 
tral nervous system.” 

Since no specific therapy against the effects 
of poisoning by diborane is known, the need 
for additional pharmacologic studies seemed 
apparent. 


Accepted for publication July 26, 1955. 
* References 1 and 2. 
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MATERIALS AND METHODS 


Cylinders of diborane were supplied by the Gen- 
eral Electric Co. The usual safety precautions for 
handling this compound were followed.? 

Rabbits and dogs of mixed breed and sex were 
used. Rats were used in a few preliminary experi- 
ments on therapy. 

The rabbits and dogs were anesthetized with 
pentobarbital sodium (approximately 30 mg/kg., 
i. v.). Dial solution (0.6 ml/kg.) was administered 
intraperitoneally in a few of the dog experiments 
of long duration. The rats were unanesthetized. 


All animals were poisoned by exposure to a 
mixture of diborane and air. In some experiments 
the dynamic-type gas chamber was used.® In other 
experiments a modification of the dynamic gas 
chamber was employed. 


This modified chamber is a mobile unit with a 
self-contained evacuating pump. In use, the only 
external connections necessary for its operation are 
a 2-in. pipe leading to a fume hood and a source 
of 110 v. A.C. 

Figure 1 shows the chamber from the left side; 
Figure 2, from the right. The various parts men- 
tioned below are lettered consecutively for con- 
venient reference. Both figures should be referred 
to in following the description. The chamber itself 
is a 29 in. cube (capacity, 0.4 cu. m.) constructed 
of sheet metal, with a hinged door (A), and two 
side-viewing windows (B). The main entrance for 
gases and vapors is via a glass bulb (C), mounted 
on the upper left side. The mounting table (D) is 
fitted with ball-bearing castors and carries a cen- 
trifugal pump driven by a % H. P. electric motor 
(E) as the evacuating pump. An orifice plate holder 
(Ff) is fitted on the evacuating line from the cham- 
ber (G). This line contains a trap (H) for the 
collection of any liquid. The other side of the 
orifice plate holder contains a spur (/) and gate 
valve (J) for regulation of air-flow rate. Changes 
in air-flow rate are indicated on the manometer (K) 
which is connected across the orifice plate holder. 
The orifice plate was constructed in accordance 
with standard flow measurement theory.® 


During the experiments in which this chamber 
was used, diborane was fed from a gas cylinder 
into the chamber through the main entrance port 
(C), air being drawn into the chamber at the same 
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point by the pump (£). The resulting mixture of 
diborane and air was delivered to the trachea of 
the experimental animal by a plastic tube leading 
from the sampling port (L). The concentration of 
diborane in the mixture was calculated from the 
measured rates of flow of air and diborane into 
the chamber. 

Animals were exposed to concentrations of 
diborane ranging from 5 to 350 ppm for exposure 
periods varying in duration from 15 minutes to 4 
hours (ppm calculated for 25 C and 760 mm.). In 
one of the dog experiments exposure was repeated 
on the second day. 

1. Dogs——The tracheotomized animal was placed 
on a table outside of the gas chamber. Mixtures of 
diborane and air were led from the gas chamber to 
the animal through a polyethylene tube which was 
connected to the tracheal cannula. 

(a) In one group of experiments (eight dogs) a 
mercury manometer was used for recording the 
carotid pressure. Intratracheal pressure was re- 
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Fig. 1.— Mobile gas 
chamber—left side. 


corded from a side-arm tracheal cannula, and a 
pneumograph was employed for recording thoracic 
activity. Electrocardiograms were recorded on a 
Sanborn Viso-Cardiette. 

The diborane concentrations in 
experiments were as follows: 


this series of 


Concentra- 
tion, Ppm 


Length of 
Exposure 


45 min. 


Dog, No. 


lhr. 
1 br. 10 min. 


(2 br. after 
first exposure) 


4 br. 


4hr. 
3 hr. 


15 min. 

15 min. 

15 min. 

15 min. 
Gross and microscopic postmortem examinations 
of some of the animals were performed. 
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(b) The effects of diborane on the electro- 
encephalogram and on the smooth muscle of the 
intestine were observed in another series of experi- 
ments (four dogs). Electroencephalograms were 
recorded on a Grass Model II-A instrument. A 
small, water-filled balloon was inserted into the 
duodenum, the activity of the smooth muscle being 
registered with a hydraulic recording system. 

Three of these dogs were exposed to concentra- 
tions ranging from 40 to 125 ppm for two to two 
and one-half hours. The other dog was exposed to 
a concentration of 125 ppm until definite alterations 
in the EEG were observed (approximately 30 
minutes’ exposure). The exposure was discontinued 
when definite increases in the frequency and voltage 
of the EEG occurred, and the dog was kept under 
observation for approximately five hours thereafter. 
EEG and intestine activity were recorded periodi- 
cally during the period of observation. 

2. Rabbits—In our early qualitative observations, 
before definite attempts were made to establish 


348 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 


Fig. 2.— Mobile gas 
chamber—right side. 


precise concentrations of diborane, rabbits were 
poisoned by exposure of the head alone. The ex- 
posures lasted until the animals died. Respiration, 
blood pressure, and electrocardiograms were re- 
corded in a manner similar to that described previ- 
ously for the dogs. 

3. Rats—Some preliminary prophylactic experi- 
ments were conducted with the use of unanesthe- 
tized albino rats (weighing 200-300 gm.). These 
animals were placed in groups of 10 inside the gas 
chamber. Each experiment had its own group of 
10 rats which were untreated and served as con- 
trols. The rats were exposed to a mean concentra- 
tion of approximately 175 ppm of diborane for 15 
minutes, 

Drugs used in treatment (Table 1) were injected 
either i. m. or i. p. 10 minutes prior to exposure. 
When cortisone (Cortone) acetate (saline suspen- 
sion of cortisone acetate) was used, the rats were 
injected i. m. once a day for three days before 
exposure. When Sorbyl (N’-dimethyl-N”-sorbyl- 
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N”’-pyridyl-2-ethylenediamine) was used, one dose 
was given prophylactically and was then repeated 
two hours and four hours after gassing. 


1—Compounds Tested Prophylactically 
Against Diborane Intoxication 


Dose, Mg./100 


Drug Gm. Body Wt. 
Teles 1 (i. p.) 
(3 doses at 2-hr. 
intervals) 
0.5 (i. p.) 
Diphenhydramine hydrochloride ... 0.5 (i. p.) 
Pentobarbital sodium .................. 1.0 (i. p.) 


(on 3 consecu- 
tive days) 


RESULTS 

1. Dogs.—(a) In the first group of experi- 
ments one of the eight dogs exposed to dibo- 
rane died immediately after gassing. This 
dog (Dog 8) was exposed to 350 ppm for 
15 minutes. After 5 minutes of gassing, the 
blood pressure began to fall gradually until 
it had dropped from 100 mm. Hg to 70 in 
11 minutes. By this time both thoracic move- 
ments and rate of respiration had increased 
greatly. Four minutes after the end of the 
exposure the dog succumbed in a typical 
anoxic death. The edema fluid was so pro- 
fuse that it flowed from the tracheal cannula. 
The terminal ECG showed a definite sinus 
bradycardia and an increased voltage of the 
T-wave but no other abnormalities. Post- 
mortem microscopic examinations of the 
lungs showed congestion and hemorrhage 
with some pulmonary edema. There were 
casts in the renal tubules and some conges- 
tion of the liver. 

The three dogs (Dogs 1, 2, and 3) gassed 
at the lower concentrations (6 to 14 ppm) 
for long periods (45 minutes to four hours) 
showed no effects on blood pressure and only 
a slightly increased rate of respiration. The 
electrocardiograms were apparently normal. 
On autopsy the animals showed only slight 
pulmonary edema but severe lung hemor- 
rhage. 


The three dogs (Dogs 5, 6, and 7) gassed 
at concentrations of 53 to 63 ppm for 15 min- 
utes had greater increases in rate and depth 
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of respiration than those exposed to 6 to 
14 ppm. The dog gassed at 63 ppm showed 
a slight drop in blood pressure (about 
15 mm. Hg) and bradycardia. The electro- 
cardiograms of the other two dogs were nor- 
mal. Congestion and hemorrhages in the 
lungs and some pulmonary edema _ were 
found on autopsy. Other organs appeared 
normal except for some congestion. 

One dog (Dog 4) was exposed to 5 ppm 
for four hours and again to the same concen- 
tration on the following day for three hours. 
Near the end of the second exposure the 
dog’s blood pressure fell considerably, and 
both rate and depth of respiration increased. 
No bronchoconstriction was evident. The 
ECG showed only a decrease of the heart 
rate. The dog was still alive after the second 
exposure but appeared to be in shock, pos- 
sibly because of the long period of anesthesia 
(24 hours). On autopsy the lungs were con- 
gested, the kidneys had petechial hemor- 
rhages in the medulla, and the liver appeared 
normal. There was no evidence of broncho- 
constriction in any of the animals. 

(>) In the second series of dog experi- 
ments (four dogs) diborane produced in- 
creased rhythmical contractions and high 
tonus of the smooth muscle of the intestine 
in all animals. These effects occurred ap- 
proximately three to four minutes after ex- 
posure to diborane and disappeared and reap- 
peared periodically during the experiments. 

Hyperactivity of the EEG (an increase in 
voltage and frequency, approaching a con- 
vulsive pattern) was observed in two of three 
dogs. In one dog this was followed by a 
return to a normal EEG, but in the other 
affected animal complete depression of corti- 
cal activity was recorded in the terminal 
phases of intoxication. The latter effect may 
be attributable to anoxia, because there was 
definite evidence of cyanosis and pulmonary 
edema. Bradycardia, followed by ventricular 
fibrillation, occurred terminally in this dog. 

Slight increases in frequency and voltage 
of the EEG and in tonus of the smooth mus- 
cle of the intestine were observed when the 
dogs were exposed to low concentrations 
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(40 ppm) of diborane, but the major effects 
described above occurred during exposures 
to 125 ppm for two to two and one-half 
hours. Two of the three dogs poisoned with 
these concentrations died at the end of this 
period. Gross lung edema was evident in the 
deceased dogs. 

The fourth dog in this group was exposed 
to 125 ppm of diborane for 30 minutes and 
exhibited increased voltage and frequency 
of the EEG and high tonus of the smooth 
muscle of the intestine at the end of this 
period. The smooth muscle effects began 
within a few minutes after initiation of 
exposure to diborane. The EEG effects 
occurred after approximately 30 minutes’ 
exposure. Both the EEG and the smooth 
muscle activity reverted to a normal pattern 
within one hour after cessation of exposure. 
Respiration appeared normal; there was evi- 
dence of neither cyanosis nor pulmonary 
edema during the observation period of five 
hours. The dog was killed at the conclusion 
of this observation period. 


2. Rabbits. — Immediately upon contact 
with diborane there was a brief period of 
voluntary apnea followed by resumption of 
essentially normal respiration. There was a 
gradual, moderate fall in blood pressure. 
There were no changes in the form of the 
ECG, but there was some bradycardia. 

Death in these animals appeared to be 
caused entirely by pulmonary edema. The 
blood pressure and heart activity remained 
fairly normal until just before death. Then 
there was a sharp fall in blood pressure 
associated with marked slowing of the heart. 
The ECG showed large ventricular com- 
plexes resulting apparently from summation 
of several ventricular impulses. There was 
no evidence of heart block. Terminally there 
was either ventricular fibrillation or com- 
plete disappearance of ventricular activity. 

3. Rats.—Table 2 shows the results of the 
prophylactic experiments, with exposure to’ 
approximately 175 ppm for 15 minutes. Most 
deaths occurred a few hours after exposure. 
It appears that animals treated with Sorby], 
atropine sulfate, diphenhydramine (Bena- 
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dryl) hydrochloride, pentobarbital sodium, 
and cortisone acetate showed a slight de- 
crease in mortality rate ; dimercaprol (BAL) 
and QDPA_ (3-quinuclidine-  a,a-diphenyl- 
acetate) had no effect on mortality. In both 
the treated (except both groups treated with 
Sorbyl) and the untreated animals, however, 
pulmonary edema was evident on gross 
autopsy. Microscopic examination also 
showed edema and hemorrhages in the lungs. 
There were casts in the renal tubules. The 
liver and spleen appeared normal. When 
Sorbyl was used, the lungs were not so edem- 
atous as those of the control animals but 
there were areas of damage over the entire 
lung surface. Because of these pathologic 
findings it appears that none of the tested 


Taste 2.—Results of Prophylactic Experiments 
on Rats 


Treatment 


—, Deaths (10 Days) 
Dose, — A 
Mg./100 Treated Untreated 
Gm. Group Group 

9/10 9/10 
7/10 10/10 
0.5 (X3) 5/10 10/10 
10/10 10/10 
2/10 4/10 
4/10 10/10 
0/10 4/10 
6/10 10/10 
1/10 4/10 
2/10 10/10 
5.0 (X3) 2/9 6/9 


Dimereaprol 
Sorbyl 


Atropine sulfate 

Atropine sulfate 
Diphenhydramine hydrochloride 
Diphenhydramine hydrochloride 
Pentobarbital sodium 
Pentobarbital sodium 
Cortisone acetate 


drugs is significantly effective in prophylaxis 
of poisoning by diborane. 


COM MENT 


The findings of this investigation indicate 
that the primary cause of death in diborane 
poisoning is pulmonary edema. The pul- 
monary edema could be the result of local 
irritation from the compound. In many of 
the experiments on dogs, rabbits, and rats 
gross and microscopic postmortem examina- 
tion showed edema and hemorrhages in the 
lungs. 

Although other mechanisms have not been 
ruled out, all the results may be interpreted 
in terms of an anoxic death resulting from 
the pulmonary edema, e. g., increase in rate 
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and depth of respiration, gradual fall of blood 
pressure, bradycardia, and terminal ventricu- 
lar fibrillation or complete disappearance of 
ventricular activity. 

The initial hyperactivity of the EEG was 
apparently associated with respiratory em- 
barrassment and could be a result of the 
effects of diborane on respiratory mecha- 
nisms ; however, the possibility of direct cen- 
tral effects of the compound is not necessarily 
excluded. The facts that, in the dog exposed 
to diborane only until definite effects had 
appeared, the EEG changes were reversible 
and were not associated with cyanosis or 
respiratory embarrassment suggest that dibo- 
rane does have a direct effect on cortical 
activity. 

Diborane produced increased tonus of the 
smooth muscle of the intestine, but the exact 
mechanism involved cannot be stated; these 
effects could be mediated locally and/or cen- 
trally. A sensation of tightness of the chest 
has been reported as one of the symptoms 
following accidental exposure to diborane in 
man.+ In our experiments with anesthetized 
animals there was no evidence of broncho- 
constriction. 

Atropine, diphenhydramine hydrochloride, 
Sorbyl, pentobarbital sodium, and cortisone 
acetate, when administered prophylactically, 
produced slight decreases in the per cent mor- 
tality of rats exposed to diborane, but lung 
and kidney damages were still evident on 
autopsy. 

SUMMARY 

The primary effect in poisoning by dibo- 
rane appears to be the production of pulmon- 
ary edema. 

The earliest sign observed in dogs and 
rabbits during exposure was_ respiratory 
embarrassment. This was followed by a 
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slight fall in blood pressure, an increase in 
activity of the smooth muscle of the intestine, 
and an increase and subsequent diminution 
in cortical activity. The latter effects were 
possibly associated with anoxia. Bradycardia 
occurred late in poisoning and was followed 
terminally by ventricular fibrillation or com- 
plete disappearance of ventricular activity. 

It appears that none of the drugs tested 
prophylactically 


possesses any significant 


value in preventing diborane intoxication. 

Chemical Corps Medical Laboratories, Army 
Chemical Center, Md. 

Mr. Lorraine Lawson, of the Gassing Branch 
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Corps Medical Laboratories, with the pathology 
studies. 
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Toxicity of araoxon in 
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That portion of an inhaled aerosol which is 
retained in the respiratory tract and the 
depth to which the aerosol will penetrate 
before deposition are related to particle size.* 
In industrial hazard studies it has become 
generally accepted that the toxicity of an 
aerosol increases with a decrease in particle 
size. This has been demonstrated to be true 
for such substances as uranium dioxide,+ 
silica,® and other compounds which are 
rather insoluble in lung fluid. However, 
much of this thinking has been carried over 
directly to the interpretation of the inhala- 
tion toxicity of soluble substances. As a 
result the optimum particle diameter for 
maximum inhalation toxicity of particulates, 
regardless of solubility, is considered to be 
below ly. 

Even though the action of ciliated cells 
may normally prevent the retention of par- 
ticles for a prolonged period in the trachea, 
bronchi, and bronchioles, it does not prevent 
the absorption of water-soluble materials. It 
is well known that soluble substances are 
absorbed from all portions of the respiratory 
tract with comparative rapidity.t Toxic aero- 
sols may act in two ways: First, they may 


act locally and damage the surface of the tis- 
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sue in which they rest, and, second, they may 
act systemically, poisoning other organs or 
tissues than those in immediate contact. 
Eisenbud ® has stated that, if a substance is 
soluble and capable of producing systemic 
intoxication, the site at which it is deposited 
in the lung is likely to be of small importance. 
And one must remember the important fact 
that the mass concentration of small particles 
in an industrial exposure is small compared 
with the mass of larger particles (even 
though the number of small particles is 
greater), so that the accumulation of small 
particles in the respiratory tract will repre- 
sent only a minute portion of the inhaled 
aerosol. 

Thus, it appears that the hazard associated 
with the inhalation of a water-soluble sys- 
temic aerosol would increase with particle 
size. The study here reported was designed 
to evaluate the effect of particle size on the 
inhalation toxicity of such a compound, para- 
oxon (O,O-diethyl-O-p-nitrophenyl 
phate). 

Two series of runs were made in which 
male albino rats, weighing about 175 gm. 
each, were exposed to paraoxon aerosol for a 
10-minute period in a 200 liter chamber. In 
one series, small-sized mass-median-diameter 
(MMD=0.8n; og==2.2) aerosols were used ; 
in the other, the size was larger (MMD= 
3.74; og=2.6). The smaller particles were 
generated by employing an aspirator, de- 
scribed by Laskin,’° and the larger by em- 
ploying a Vaponefrin nebulizer connected to 


a low-pressure air line. An inhaled L. D.5o § 


phos- 


§L. D.sw—Lethal Dose 50—dose in mg/kg. 
which will kill 50% of a group of animals. 
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INFLUENCE OF PARTICLE SIZE ON 
of paraoxon was computed from the L. C.s50 || 
data. To verify these computed data, an 
intratracheal L. D.59 was determined in anes- 
thetized rats. 

The concentrations and mortalities ob- 
tained are recorded in Table 1. The intra- 
tracheal toxicity data are recorded in Table 2. 
Dosage-response curves were calculated by 
the method of Bliss." 


Taste 1.—I/nhalation Toxicity of Paraoxon 
Aerosols in Rats 
Ten-Minute Exposure 


MMD = 0.84 


Concentra- 


J 
Concentra- 
tion, tion, 
Mg./M.* Mortality M.* 


59 0/16 55 
81 3/16 57 
7/16 63 
10/16 65 
6/16 70 
9/16 73 14/16 
16/16 80 12/16 
M 16/16 


Mortality 
2/16 
4/16 
2/16 
4/16 
8/16 


Tas_e 2.—Intratracheal Toxicity of Paraoxon 
in Rats 


Mortality 
1/8 


The L. C.59 (t==10 min.) +2 SE of the 
small paraoxon aerosols (MMD=0.8«) in 
rats is 88.6+5.3 mg/m.’ When paraoxon 
aerosols have an MMD=3.7y, the L. C.so is 
68.6+3.6 mg/m.* The intratracheal L. D.50 
+2 SE of paraoxon in anesthetized rats is 
0.350+0.045 mg/kg. 

The results indicate that there is a signifi- 
cant decrease in L. C.s9 with an increase in 
particle size. By employing the retention 
data of Brown and associates ' and knowing 
the over-all distribution of the aerosol parti- 
cles in each atmosphere, it is possible to esti- 

|| L. — Lethal Concentration 50—concentra- 
tion of aerosol in inhaled atmosphere (mg/1.) which 
will kill 50% of a group of animals. 

SE—Standard Error. 


PARAOXON 


TOXICITY 


mate the retention of these aerosols in our 
experimental animals. The retention values 
calculated were 57.3% for the small-sized 
aerosols and 80.8% for the large ones. 

A theoretical dose received by the animals 
exposed to these atmospheres was calculated 
from the respiratory volume * of the rats, 
the L. C.s59, and the per cent retention accord- 
ing to the following formula 


Mg/kg.=(Min. vol., 1/min.) (Exposure time, min.) 
(% Retentior.) (Mg/1.) 


Body weight, kg. 


The computed inhaled L. D.s9’s + 2 SE 
were 0.292+0.018 mg/kg. for the small-sized 
particles and 0.318+0.016 mg/kg. for the 
larger ones. These values are not signifi- 
cantly different from the intratracheal value 
of 0.350+0.045 mg/kg. The differences in 
L. C.s9’s are attributed to the greater over-all 
respiratory retention of the larger particles. 
Inasmuch as paraoxon is soluble and capable 
of producing a systemic effect, the site at 
which it is deposited in the respiratory tract 
The 
amount deposited and absorbed is the para- 
mount factor. The fact that the intratracheal 
L. D.s9 value is not significantly different 
from the computed inhaled values appears to 
substantiate this conclusion. 


is likely to be of small importance. 


SUM MARY 

The effect of particle size on the toxicity 
of paraoxon aerosols was studied in rats. 
The aerosol of large particle size (MMD= 
3.7u) was more toxic than the one of smaller 
particles 
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A Comparison with Man 


PAUL E. PALM, Ph.D. 

JAMES M. McNERNEY, M.S. 
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THEODORE HATCH, S.M., Pittsburgh 


In the use of experimental animals for 
the study of the toxic properties of inhaled 
particulate substances, a question is immedi- 
ately raised as to how to translate the dosage- 
response relationship, such as the L. D.50 
value found for animals, into meaningful 
terms for man. Most important in the con- 
version, of course, are biological factors, 
such as species differences, but before con- 
sidering such fundamental matters, there is 
a more elementary question to be answered : 
For a given concentration of particulate 
matter of a certain particle-size * distribu- 
tion in the inhaled air, what is the effective 
dose to the deep lungs (or other sensitive 
site in the respiratory system), and how 
does the ratio of effective dose to inhaled 
concentration differ between man and ex- 
perimental animal ? 

Expressing the dose level of a_ toxic 
particulate substance in terms of atmospheric 
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* Size is used here to include shape, density, and 
other physical factors which affect the dynamic 
properties of particulate matter. 


concentration and duration of exposure does 
not indicate the effective dose of material, 
since only a fraction of the particulate mat- 
ter is retained in the respiratory system and 
this fraction varies in magnitude and in 
site of deposition with the size of the inhaled 
particles. It is necessary, therefore, to know 
how particle size influences the pattern of 
retention in respect to site of deposition and 
percentage of material retained. It is espe- 
cially necessary to distinguish between upper 
respiratory and deep-lung retention, since 
the biological effect may be quite different 
in the deep-lung spaces compared with the 
upper respiratory tract. Thus, different 
L. D.s9 atmospheric concentrations may be 
found in separate studies of the same ma- 
terial if there are differences in particle size 
which change the relation between the level 
of atmospheric exposure and the effective 
dose in the lungs. 

The studies which we have carried on 
were initiated in recognition of this impor- 
tant influence of particle size upon respira- 
tory dust retention. The first part of the 
investigation was undertaken to determine 
the relationship in human lungs. Results 
have been reported previously. As expected, 
the findings showed that total respiratory 
retention and the relative proportions of the 
retained material which are deposited in 
the upper respiratory tract and in the alveoli 
change substantially with particle size. It 
was the purpose of the present investigation 
to obtain data on respiratory dust retention 
vs. particle size for certain experimental 
animals for comparison with the data on 
humans. Because the experimental method 
used in the study of man was necessarily 
an indirect one which gave only relative 
results, the same procedure had to be em- 
ployed with the animals. It was possible, 
however, to compare the indirect estimate 
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of deep-lung retention in the experimental 
animal with a directly determined value, 
since after exposure to the dust the animal 
could be killed and the quantity of particulate 
matter in the lungs measured by suitable 
analytical means. 


I. INDIRECT ESTIMATION OF DUST RETENTION 


IN EXPERIMENTAL ANIMALS 


EXPERIMENTAL METHOD 


The indirect method is based upon the determina- 
tion of dust concentrations in serial fractions of 
exhaled air and the identification of the relative 
quantities of upper respiratory and lung air in each 
of the serial fractions by relating the CO. concen- 
tration in each fraction to the lung concentration 
measured by the “alveolar” CO:. Partitioning of 
the exhaled air into repeatable serial fractions is 
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accomplished by a mechanical valve synchronized 
with the breathing pattern which, in turn, is con- 
trolled by placing the test animal in a miniature 
mechanical respirator. This device,? comparable to 
the Drinker respirator used in the human studies, 
fixes the beginning and end of inhalation and ex- 
halation and positively positions the fractionating 
valve in synchronism with breathing. The exhaled 
air of each respiration is separated serially into 
three fractions representing upper respiratory, mid- 
lung, and deep-lung air. 

The rubber facepiece and metal partitioning valve 
for the guinea pig were carefully designed and con- 
structed to give a small external dead space, since 
the tidal volume of this animal is only 1-4 ce. 
Nasal catheters were used with monkeys, because a 
tight-fitting mask could not be adapted to the soft 
nose structure. For both the guinea pig and the 
monkey the ratio of external dead space to tidal 
volume was comparable to the ratio in the larger 
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Pump and Collecting Bags 
Flowmeter 
Animal O 
Resp. 
Elect. Ppt. 
Fig. 1.—Diagrammatic 
Nose Mask layout of test apparatus 
for determination of upper 
Corbo Intake Port of respiratory and alveolar 
rboy Rotary Valve deposition of inhaled dust. 
Heat 
! Atomizer 
Dust in Water 
Suspension 
Compressed 
Air 
TABLE 1.—Summary of Guinea Pig 
Bacillus Subtilis 
Furnex Carbon Thermax Carbon jar. Niger Dark Clay 
Retention values ............. R U A AP R U A AP R U A AP R U A AP 
47.9 7.3 57.6 40.2 45.9 98 49.7 36.3 0.6 AS 62.6 37.9 496 10.1 51.3 38.2 
Standard deviation .......... 10.26 7.27 9.56 363 11.09 854 9.62 9.56 7.70 6.89 10.66 4.86 6.21 11.11 18.82 14.47 
Coefficient of variation, %.... 21.41 99.99 16.58 9.03 24.16 87.45 19.34 26.34 12.71 27.80 17.02 12.81 12.53 109.90 26.95 37.86 
Standard error of mean...... 3.838 2.75 361 1.87 3.70 2.85 3.21 3.19 3.44 3.08 4.52 2.17 187 3.35 4.17 4.36 
7 10 5 11 
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apparatus used on human subjects. Evidence of a 
satisfactorily controlled breathing pattern, with re- 
sulting good partitioning of the exhaled air of the 
experimental animals, was regularly demonstrated 
by the definite changes in CO, concentrations from 
one fraction to the next, and data obtained with ani- 
mals under the influence of pentobarbital (Nem- 
butal) sodium were comparable to data with normal 
animals. The over-all experimental setup is illus- 
trated diagrammatically in Figure 1. 

In the tests on man, lung air was considered to 
have a uniform CO, content equal to that found in 
a forced-exhalation sample obtained by the Haldane- 
Priestley technique. This method of sampling lung 
air could not be duplicated in the experimental ani- 
mal. We were forced, therefore, to use the CO: 
concentration in the third bag of the series as repre- 
sentative of lung air. This terminal portion of nor- 
mally exhaled air is a good representation of the 
average air exhaled from the lungs * but does not 
necessarily take into account any loss in ventilatory 
efficiency incurred because of nonuniform distribu- 
tion of inhaled air in relation to residual lung vol- 
ume.* We were able, however, to recalculate the 
retention values for man on the basis of the ter- 
minal CO, (third bag) and thus provide equivalent 
data for comparison with the animal results. This 


is acceptable, since the primary objective in the | 


animal studies was to obtain such comparisons with 
man rather than to determine independent retention 
vs. size relationships for the animals. The proce- 
dure for separately calculating upper respiratory, 
alveolar, and total retention from the dust and CO. 
concentration in the three fractions of exhaled air 
was outlined in our earlier paper.' 


Test Dusts 

The work on human subjects made use of clay 
dust in a range of sizes from 0.5 to 5, over which 
range the upper respiratory retention, U, the alveo- 
lar retention, 4, and the percentage alveolar deposi- 
tion, AP (P = % penetration to the alveoli) varied 
from high to low values. 

In the present animal study, clay particles were 
also used over a partial range of sizes. Other ma- 
terials were used to give additional sizes (carbon, 
antimony trioxide, Bacillus subtilis var. niger). Be- 


Retention Studies (Indirect Method) 


DUST RETENTION 


IN SMALL ANIMALS 


cause of differences in the densities of these parti- 
cles, their “dynamic” diameters were calculated 
to make them comparable to clay 


density dmeas. 
(door, _ 


Results shown herewith are all reported on the 
basis of the equivalent size of clay particles. 

The test dusts were obtained as sized fractions 
or were separated by successive elutriation in the 
laboratory. The fractions as used showed reasona- 
bly high uniformity of size, and photomicrographs 
of dispersed particles indicated that there was a 
minimum of agglomeration. A high-pressure atom- 
izer was employed with the finer mineral particles. 
To avoid the danger of fracturing the larger clay 
particles and the B. subtilis spores, a low-pressure 
atomizer was used with these suspensions. 


RESULTS 


1. Guinea Pigs—The results, using nine 
dusts of different sizes from about 0.1 to 
3.0u and involving a total of 118 tests on 
83 animals whose weights varied from 190.0 
to 600.0 gm., are summarized in Table 1 and 
shown graphically in comparison with earlier 
results on human subjects in Figures 2, 3, 
4, and 5. 

(a) Total Retention: The total dust reten- 
tion in guinea pigs in relation to particle 
size shows the same general trend as in 
humans. Starting close to 100% for 3, 
particles, it drops off systematically with 
decreasing particle size. Ip comparison with 
man total retention exhibits a higher value, 
especially in the lower size range (Fig. 2). 
It is interesting that the one proteinaceous 
material (B. subtilis) used in this study was 
retained to a greater extent than mineral 
matter of equal size (Figs. 2, 3, 4, and 5). 
Change in water content during exposure 
to moist lung air may account for this dis- 
crepancy, but this has not been investigated. 
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(b) Upper Respiratory Retention: The 100 
upper respiratory retention in guinea pigs s 
is compared with the curve for man in ¢€ y 
Figure 3. The higher retention efficiency is = a ——— 
probably accounted for by the relatively > +X 
smaller dimensions of the upper respiratory 2 ¢ Fait 
tract in the small animal and the larger § /A—mon 
surface area per unit of air breathed. The 2g / j ; 
opportunity for surface contact and impinge- 40 
ment are therefore higher in the guinea pig. & . [ 
This is in agreement with Guyton’s conclu- ¢ x | 
sion * that, because of the small dimensions $ 20 / 
of the upper respiratory structure, a 2p x 
particle would have about the same proba- — 
bility of being retained in the nasal chamber 3 4 
Particle Size, Microns 
100. _ Fig. 3—Upper respiratory retention vs. particle 
R size. Guinea pig (compared with curve for man). 
8 is obtained mainly by the provision of fewer 
‘a an) alveoli rather than by appreciable shrinking 
§ ZL Mon of the dimensions of the terminal air sacs. 
5 60}—* x This is in contrast to the situation in the 
4 x~ Guinea Pig upper respiratory tract where the diameters 
2, ih. / of air passageways (except possibly the 
- / terminal bronchioles) are less in the small 
Fs ] animal and the ratio of surface area to 
$20 volume is greater. With the same order of 
alveolar dimensions and, hence, the same 
characteristics of the alveoli as sedimenta- 
re) | 2 3 4 5 tion chambers, one would not expect remark- 
Particle Size, Microns able differences in alveolar efficiency. 
Fig. 2.—Total retention vs. particle size. Guinea 
; pig (compared with curve for man). 100 
5 A 
of a mouse as a 7.8» particle in the nasal Se 


chamber of man. 


Th 
x 


x- Guinea Pig 


(c) Alveolar Retention: The data for 
guinea pigs are compared with the curve 
for man in Figure 4. There is relatively 
great scatter in the experimental points, 
but no remarkable difference from the human 
values is seen over the size-range studied. 


Percent Alveolar Retention 


a This is to be expected perhaps, since the 20 
=. anatomical dimensions of the alveoli spaces 
in the guinea pig are not greatly different 
from those in man. Hartroft® found an - 
0 2 3 4 5 


average alveolar dimension of 166 for man 
and 83 for the guinea pig. The reduction 
in ventilatory capacity in the small animal 
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Fig. 4—Alveolar retention vs. particle size. 
Guinea pig (compared with curve for man). 
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(d) Alveolar Deposition: The changes 
in the percentage of inhaled particles de- 
posited in the alveoli, with differences in 
particle size, shown in Figure 5, are par- 
ticularly notable for the considerable depar- 
ture from the human curve at a size of 
around 1.5. This is accounted for by the 
high upper respiratory retention (compared 
with man) found with this size rather than 
by unusual alveolar efficiency (Figs. 3 
and 4). The values of U and A are espe- 
cially well established for the two sizes 
studied at this critical point on the retention 
curve—1.45y and 1.6u. In the first place, 
the close agreement in results between the 
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_Fig. 5.—Alveolar deposition vs. particle size. 
Guinea pig (compared with curve for man). 


two dusts is of interest, since the larger 
material (1.64) was clay and the smaller 
was antimony trioxide with an actual particle 
size of about 1p which because of its density 
of 5.6 was comparable in “dynamic” size 
to a 1.46 particle of clay. Secondly, the 
points for the antimony trioxide are the 
average of measurements in 54 tests on 50 
animals. Of the U values 68% fell between 
56% and 86%, and the 68% range for A 
was between 58% and 76%. Furthermore, 
the direct measurements of lung deposition 
of the antimony trioxide, described in a later 
section of this paper, confirm the low value 
of AP (compared with man) estimated by 
the indirect procedure. 


Taste 2.—Summary of Monkey Retention Studies (Indirect Method) 


Thermax Carbon, 


Coefficient of variation, per cent..... 
Standard error of 


Retention values 
Standard deviation 


Test material 
Particle Glee 


{ | 
| | 
| eo 
| 
| < 3i ere 
| | a 
| Sata = 
| 
+ 
aan & 
i| 
| 
| 
ties 
~ & S&S 
00 
(wa ize 
| 
| 
a 
a | 
| ESB 
| 
},2888 | 
& 4 
3225 
| 
¢ 
1 5 | 
-~ 
| =x gras 
| 
| 
| 
ea a & } 
= 
| 
1} ~ ‘2 Nn | 
| 
| 
7 
} 
ous | 
. 
" 3 
. | 
| 
a 
a 
3 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


100 
R 
— 
x x Monkey 
2 60 


Particle Size, Microns 

Fig. 6.—Total retention vs. particle size. Monkey 
(compared with curve for man). 

Unlike most other animals, the respiratory 
tract of man is maintained in an almost 
vertical position which, of course, would 
accentuate the effect of gravity. This is 
worthy of consideration, since the right 
bronchus, which in man is more nearly 
vertical and in direct continuation with the 
trachea, has been noted to receive more 
foreign bodies than the left; therefore, on 
the basis of position and the effect of gravity, 
the human may be expected to have a higher 
alveolar deposition than the type of animals 
found more frequently in a horizontal posi- 
tion. The AP curves shown in Figure 5 con- 
firm this belief. 
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Fig. 7.—Upper respiratory retention vs. particle 
size. Monkey (compared with curve for man). 
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Fig. 8.—Alveolar retention ws. particle size. Mon- 
key (compared with curve for man). 

It may be safely concluded, therefore, 
that the high value of U at 1.5 is real (be- 
cause of higher upper respiratory efficiency ) 
and that, in consequence, the percentage 
alveolar deposition in the guinea pig is more 
sensitively related to particle size than is 
the case in man. The most favorable size 
for alveolar deposition is apparently very 
similar to that for man (about lp), and the 
percentage deposition is also similar at this 
size. About lp, however, AP drops abruptly. 
There is a suggestion that AP rises for sub- 
microscopic particles after falling below 1p. 

2. Monkeys.—The results, using five dust 
fractions of different sizes from less than 
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Fig. 9—Alveolar deposition vs. particle size. Mon- 
key (compared with curve for man). 
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0.54 up to 5h and representing 38 tests on 
10 different monkeys (Macaca rhesus and 
M. cynomolgus, 4% to 8% lb.), are sum- 
marized in Table 2. The average values of 
R, U, A, and AP for each particle size are 
compared graphically with the curves for 
man in Figures 6, 7, 8, and 9. 


CoMMENT ON RESULTS 


There is close agreement between the 
results on monkeys and the findings with 
human subjects. Upper respiratory retention 
values are slightly above the curve for man, 
and A departs from the human level around 
the critical size of lu. As a result, AP values 
appear to drop off slightly above lp com- 
pared with those for man. The most favor- 
able size for alveolar deposition, however, 
remains at about ly, and percentage alveolar 
deposition at this size agrees with the human 
value. 

According to Chase’ the lungs in rhesus 
monkeys have three lobes on each side, 
whereas man has three right and two left 
lobes. He also reports, as does Miller,* that 
the course of the stembronchi is very similar. 
The monkey, having a larger number of 
lobes, would be expected to demonstrate a 
somewhat more perfect lung ventilation than 
man, with consequent higher alveolar effi- 
ciency. 

Compared with the human respiratory 
system, the dimensions of air passageways 
in the monkey are smaller. The tidal volume 
is around 10-25 cc. compared with 600 cc. 
in man, and the breathing frequency used 
in our tests was 40 respirations per minute 
compared with 15 in the tests on human 
subjects. In the guinea pigs a tidal volume 
of 2-4 cc. was observed, and the mechanical 
respirator was set to produce 57 respira- 
tions per minute. The smaller anatomical 
dimensions and higher breathing frequency 
in the guinea pig resulted in significant 
departures from humans in respect to be- 
havior of dust particles in the respiratory 
system, notably in the higher efficiency of 
upper respiratory retention. In the monkey 
the same effect was noted, although the shift 
is of less magnitude. 


IN SMALL ANIMALS 


II. DIRECT MEASUREMENT OF LUNG 
RETENTION 


The indirect method of estimating the 
total, upper respiratory, and alveolar reten- 
tion and the percentage 
deposited in the alveoli 
is a characteristic and uniform COs, con- 
centration in the lungs—an assumption 
which was commonly accepted in the past 
but which is now in question. To the extent 


of inhaled particles 
assumes that there 


that the COs concentration in the lungs 
departs from a uniform level, the possibility 
of error increases in the separate estima- 
tion of dust retention in the upper respira- 
tory tract and in the lungs.7 It is desirable, 
therefore, to compare the results so obtained 
with direct measurements of actual deposi- 
tion in the lungs. This can be done by 
killing the experimental animals, but since 
the true lung spaces cannot be separated 
from the finer air passageways for analysis, 
special measures must be taken to distinguish 
between the quantities of material deposited 
in the alveoli and in the finer bronchi and 
the bronchioles. 


Basis For METHOD 


The air passageways down to the respira- 
tory bronchioles are lined with ciliated cells 
which whip constantly upward. These in- 
sure rapid clearance of waste products and 
foreign matter which may collect in the 
respiratory tract. Since particles are swept 
upward 0.25 to 1 cm. per minute in the 
bronchi *® and up to 3 cm. per minute in 
the trachea," clearance from the upper 
respiratory tract is substantially completed 
in a few hours. 

Mechanical clearance of particles from the 
alveolar spaces is not well understood. Phago- 
cytes play an important part,’* and the rate 
of phagocytosis is known to vary with par- 
ticles of different materials and size. Fenn ** 
has shown that the rate of phagocytosis for 


+ Wilson and La Mer ® used radioactive particles 
and estimated the percentage lung deposition from 
activity measurements directly over the chest. This, 
too, is an indirect method which does not distinguish 
between particles deposited in the alveoli and along 
the finer bronchi and the bronchioles. 
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a given material is proportional to the prob- 
ability of a collision between a particle and 
a cell. The larger dust particles are thus 
favored, and, in support, Stokinger and 
associates '* found that 2.54 particles of 
uranium dioxide are cleared from the lungs 
faster than particles. Fenn** also 
demonstrated some degree of phagocytic 
selection, since rat leucocytes ingested carbon 
particles (4.74) about three times as readily 
as quartz particles (4.08). 

The dust-laden cells move or are moved 
relatively slowly toward the terminal bron- 
chioles and, having reached ciliated passage- 
ways, are transported rapidly upward. Other 
particles are removed from the alveolar 
spaces toward the lymph nodes, and possibly 
some pass directly into the blood stream and 
are carried away from the lungs. 

Compared with the rate of clearance from 
the upper respiratory tract, lung clearance 
is relatively slow. For example, Scott and 
associates '° showed that plutonium particles 
were abundant in the alveoli of the rat lung 
64 days after exposure. It follows, there- 
fore, that with increasing periods of time, 
following a single exposure to a test dust 
which is deposited in both the upper respira- 
tory tract and the lungs, the material remain- 
ing in the deeper regions of the respiratory 
system must reside in increasing propor- 
tion in the lungs. After enough time has 
elapsed to clear the finer, deeper passage- 
ways of the upper respiratory tract, all 
remaining material will be in the lungs. Thus, 
if a number of experimental animals are 
killed at different intervals after exposure 
to the test dust and the quantity of remain- 
ing material determined in the excised 
“lungs” (including the air passageways 
beyond the main bronchi), the resulting 
values plotted against time should give a 
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two-phase curve. The rapid drop in quantity 
in the first and steepest section will repre- 
sent upper respiratory clearance, whereas in 
the second section the gradual decline will 
represent clearance from the alveoli. The 
percentage of original dust found at the 
beginning of this second phase should be 
a measure of the initial alveolar deposition, 
AP. 

Results obtained by this direct method are 
compared below with indirect estimates of 
alveolar deposition for a series of 44 guinea 
pigs, using antimony trioxide as the test 
dust. This material was chosen because it 
is chemically distinguishable from normal 
lung substance, is relatively nontoxic, and 
has a low solubility, with minimum removal 
therefore by the blood stream. It was dis- 
persed in a sensitive particle size (equivalent 
to a 1.46p clay particle). 


ANTIMONY DETERMINATION 
SAMPLES 


IN BIOLOGICAL 


The colorimetric method of Maren ** for 
the determination of small quantities of 
antimony in biological samples was found, 
with some minor adaptations, to give satis- 
factory results. To check the accuracy of 
the method, a series of biological tissues 
containing known amounts of added anti- 
mony were analyzed, with the results shown 
in Table 3. These values indicate that the 
procedure is dependable for all the tissues 
taken for analysis. At first, considerable 
error was encountered in the recovery of 
antimony from the nose and sinus tissues, 
since simply washing out the minute air 
passageways with water or dilute acid failed 
to remove much of the deposited dust. How- 
ever, by finely grinding the nasal tissue 
in a small food chopper, followed by quanti- 
tative washing in distilled water and filter- 


TasLeE 3.—Recovery of Antimony from Tissues * 
Nose Pharyngeal Area Trachea Left Lung Right Lung 
I 0.40 0.30 0.40 0.10 0.20 0.10 0.32 0.20 0.10 0.30 0.20 0.20 0.20 0.20 0.40 
II 19.80 19.40 20.40 20.10 20.00 20.10 20.30 19.00 20.60 20.80 20.10 20,60 19.10 20.40 20.10 


* All values in micrograms of antimony. 
I—Contain only tissue. 
II—Contain tissue to which 20 y of antimony was added. 
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Fig. 10.—Clearance of antimony trioxide 
guinea pigs. 


ing through several layers of chemically 
clean cheesecloth, a reliable method was 
developed. In this manner the antimony was 
recovered, with the exciusion of the bony 
material which previously was shown to be 
the cause of erratic determination. 


PROCEDURE 


Guinea pigs were exposed to the antimony tri- 
oxide the standard 
mechanical respirator. CO. analyses and measure- 


dust in manner, using the 
ments of dust concentrations (chemical analyses) 
were made on the serial fractions of exhaled air, 
and the total retention, R, the upper respiratory re- 
tention, U, the alveolar retention, 4, and the per- 
centage alveolar deposition, AP, were calculated in 
the usual way. These animals were killed at dif- 
ferent times after exposure, and the entire respira- 
tory system was removed in two parts, the first 
including the mouth, nose and nasopharyngeal cham- 
ber, trachea, and two main bronchi and the second 
consisting of the two lungs and including the re- 
spiratory tree beyond the main bronchi. These 
separate parts were suitably digested, and the 
quantity of antimony -was determined in each part. 


Hours after Exposure 


particles from the upper respiratory tract of 


10 l2 14 16 18 


The 44 animals included in the study were killed 
at the following intervals after exposure: 


Time after exposure, hr.....0 1 2 3 6 8 18 


RESULTS 


The average values of R, U, A, and AP 
estimated indirectly from the retention meas- 
urements during the single exposure to anti- 
mony trioxide dust and the standard devia- 
tion for each were as follows: 


Retention, per Cent 


R U A AP 
Mean 85.9 69.8 67.0 15.0 
Standard deviation 9.0 5.6 


The average amounts of antimony re- 
covered from the two parts of the respira- 
tory tract and the sum of the two, expressed 
as percentages of the total quantity inhaled 
during the exposure period, are: plotted in 
Figure 10 against the holding time. after 
exposure for each group»of animals. The 
fluctuation seen in Curves and=2 is ac- 
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counted for principally by the spasmodic 
loss of antimony from the animal’s upper 
respiratory tract because of sneezing and 
coughing during the holding period. No such 
fluctuations occurred in the removal of par- 
ticles from the lungs, and a smooth elimina- 
tion curve was obtained. 


Within one hour after exposure the aver- 
age quantity recovered from the entire 
respiratory system was 80%-82% of the 
quantity inhaled. This compares favorably 
with an average R value of 85.9%. Approxi- 
mately one-half of the initially retained ma- 
terial was found in the nasopharyngeal 
chamber, trachea, and main bronchi. Since 
the estimated value of AP was 15%, this 
suggests that some 25%-30% of the material 
initially retained was deposited in the finer, 
deeper air passageways of the upper respira- 
tory tract. 

There was an immediate drop after zero 
time in the quantity of antimony recovered 
from the lungs and finer air passageways. 
After two hours the percentage of inhaled 
material recovered from the lungs had 
dropped to 16%, and similar percentages 
were recovered after three and six hours. 
In eight hours the residual amount had 
dropped further to 10%, and no significant 
change was found after 18 hours. It is ap- 
parent from these results that upper respira- 
tory clearance was essentially completed in 
two to six hours and that further reduction 
in the quantity of material recovered from 
the “lungs” in later periods represented 
removal from the alveolar spaces. Thus, the 
percentage recovery in the two- to six-hour 
period may be taken to represent the initial 
deposition in the lungs. The average re- 
covery of about 16% agrees remarkably 
well with the average AP value of 15% 
estimated by the indirect method. The agree- 
ment is especially noteworthy, because the 
particle size chosen for study proved to be 
a sensitive one in respect to upper respira- 
tory retention, as pointed out earlier. 

The satisfactory agreement between the 
indirect estimate of lung deposition and the 
direct measurement of the residual quantity 
of dust recovered from the lungs (after the 
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material initially deposited in the lower and 
finer bronchioles had been cleared) helps 
to validate the indirect method. 


III, SUMMARY AND CONCLUSIONS 


From the data collected during 156 in- 
halation experiments on 83 guinea pigs and 
10 monkeys, certain general conclusions can 
be drawn in respect to the comparative 
pulmonary dust retention characteristics of 
these two species relative to man: 


1, The smaller the test animal, the greater 
is the over-all retention for a given particle 
size. This is believed to be the result of 
greater impingement of particles in the 
smaller air passageways of the upper respira- 
tory tract. 


2. In the two species tested, alveolar 
efficiency was not significantly different, nor 
did the fraction of tidal air reaching the 
lungs differ remarkably from that of man. 


3. The most favorable particle size for 
alveolar deposition was found to be about 
lu, as in man, and the percentage deposition 
was also similar—about 50%. 


4. The alveolar deposition dropped off 
more abruptly in the guinea pig than in man 
as size increased above lp because of higher 
upper respiratory retention. Agreement was 
closer between man and monkey. 


5. To insure the same relation between 
atmospheric particulate concentration and 
rate of deposition of dust particles in the 
lungs in the experimental animal and in 
man, the dust cloud should have a fairly 
uniform particle size of about lp. 


6. For equal concentrations of ly par- 
ticles in air the rate of dust deposition per 
kilogram of body weight will, of course, 
be greater for the small laboratory animals 
because of their greater rates of ventilation 
per unit of body weight. 

7. Above lp the rate of lung deposition 
per unit of air inhaled will be less in the 
experimental animal than in man; this is 
particularly true for the guinea pig and 
presumably would be equally true for other 
small animals, such as rats. 
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Comparative Excretory Studies with Intravenous Therapy 
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Before attempting any extensive clinical 
trial of oral edathamil calcium-disodium 
(calcium disodium ethylenediamine -tetra- 
acetate or Nag Ca EDTA [Calcium Diso- 
dium Versenate]) for the prophylaxis or 
treatment of lead poisoning, it was felt 
fundamental to determine whether the oral 
use of the drug could effect an increase in 
lead excretion from the body by way of the 
urine or feces. To our knowledge no studies 
have been made on the combined fecal and 
urinary lead excretion in occupational lead- 
poisoning cases treated with oral edathamil 
calcium-disodium. 

During the last year three occupational 
lead-poisoning cases were followed, with 24- 
hour fecal and urinary lead-excretion rates, 
before, during, and after treatment with oral 
edathamil calcium-disodium. The patients 
were purposely studied while they were re- 
moved from exposure, since it has been our 
experience that while the worker continued 
at his occupational lead exposure the fecal 
lead excretion was high and variable. 

Urine specimens were collected over ap- 
proximately 24-hour intervals. Fecal speci- 
mens were collected singly, unless two or 
more defecations occurred within a 24-hour 
period. All excretion rates were corrected 
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for time and are reported in this paper as 
milligrams of lead per 24 hours. 

The time of urination is easily controlled. 
The time of defecation is not easily con- 
trolled. In the calculation of the combined 
lead content of feces and urine, therefore, 
the urinary lead values were adjusted to 
the fecal time intervals. The feces that were 
collected between certain time intervals were 
mixed thoroughly, and a weighed aliquot was 
taken for analysis. All specimens were pre- 
pared for analysis by wet ashing and analyzed 
by the mixed color dithizone technique.’ 
Although these cases were studied over a 
considerable period of time, as will be men- 
tioned in the individual case records, Figures 
1, 2, 3, and 4 show only excretory values 
for the 3 days prior to oral treatment, the 
10 days of oral treatment, and the 6 days 
following oral treatment. 


Case 1.—A 32-year-old Spanish-American had 
four years’ continual exposure as a pasting-machine 
operator in a lead-battery plant. At the time of this 
study he not only had an increased urinary lead 
excretion, with moderate secondary anemia, but also 
had symptoms of anorexia, constipation, and fatigue. 

His urine and fecal lead values before, during, 
and after oral edathamil calcium-disodium are given 
on the accompanying Figures 1, 2, and 3. These 
excretions were obtained while he was out of lead 
exposure. This man took 3 gm. of edathamil calcium- 
disodium orally on each treatment day except for 
2 gm. on the Ist, 1 gm. on the 6th, 1 gm. on the 
10th, and 2 gm. on the 11th day. 

This man was kept out of exposure for one week 
following treatment and then returned to his 
pasting-machine job. His urinary lead excretion 
gradually dropped off immediately after oral treat- 
ment, from 2.00 mg. the first day to 0.60 mg. on 
the fifth day, and finally dropped to a value of 0.11 
mg. on the fourth day of his return to exposure. 
His fecal lead excretion dropped after treatment 
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Fig. 1—Urine lead excretion before, during, and after treatment with edathamil calcium- 
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Fig. 2.—Fecal lead excretion before, during, and after treatment with edathamil calcium- 
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Fig. 3—Combined fecal and urinary lead excretion before, during, and after treatment with 
edathamil calcium-disodium orally. 


before return to exposure to an average of 0.23 
mg. and jumped to an average of 2.30 mg. for the 
first four days of his return to exposure. 


Six days after his return to exposure he was 
given 3 gm. of edathamil calcium-disodium intra- 
venously. His immediate fecal lead excretion dropped 
from 2.30 mg. to 1.94 mg., while his urinary lead 
excretion rose from 0.21 mg. to 6.75 mg. 


Case 2.—This patient was a 27-year-old Spanish- 
American man who had 20 months’ continual 
exposure as a pasting-machine operator in a lead- 
battery plant previous to this study. He presented 
an elevated urinary lead-excretion rate, a mild 
secondary anemia, as well as lead colic symptoms 
with fatigue. 
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His urinary and fecal lead excretions were 
studied for two days while he continued exposure 
and for two days while he was out of exposure 
before oral treatment with edathamil calcium- 
disodium was begun. It is to be noted on Figures 
1, 2, and 3 that the average urinary lead-excretion 
rate at exposure was 0.41 mg. and that out of 
exposure it was 0.41 mg. His fecal lead-excretion 
rate at exposure was 1.90 mg., while out of exposure 
it was 0.35 mg. 

Like Case 1, he was given sufficient tablets to 
take 3 gm. of oral edathamil calcium-disodium for 
a period of 10 days. Owing to a misunderstanding, 
it was possible only to collect excretion specimens 
for the first seven days of his treatment. It is to 
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be noted that the excretion values for the last three 
days of treatment are absent on the accompanying 
Figures 1, 2, and 3 and that the value is extrapolated 
from the last values obtained during his treatment 
period to the first value obtained after treatment 
was discontinued. 

He returned to his previous pasting-machine job 
six days after his oral treatment was discontinued. 
A single fecal specimen taken eight days after his 
return to exposure showed a lead excretion of 11 
mg., while his urinary lead excretion on the same 
day was only 0.25 mg. 

On the ninth day after return to exposure he was 
given 3 gm. of edathamil calcium-disodium intra- 
venously, and his fecal lead excretion dropped from 
11 mg. to 2.06 mg., while his urinary lead-excretion 
value rose from 0.25 mg. to 6.46 mg. 

Case 3.—This patient was a 53-year-old white 
Italian man with 30 years’ continual exposure as a 
lead-smelter operator. He had been admitted to the 
hospital three times previously for lead colic during 
the six years prior to this study and had been 
treated during these admissions with calcium 


gluconate. His last previous admission had been 
four years prior to this study. On admission for 
this study he had typical lead colic symptoms, 
secondary anemia, fatigue, and an elevated urinary 
lead excretion. 


DAYS 


Fig. 4—Mean lead excretion before, during, and after treatment with edathamil calcium- 
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He was given 3 gm. of edathamil calcium-disodium 
intravenously on four successive days, with im- 
mediate relief of his colic symptoms. His admission 
urinary lead-excretion rate was 0.38 mg. On the 
first, second, third, and fourth intravenous treat- 
ment days his urinary lead excretion was 7.15 mg., 
6.60 mg., 5.78 mg., and 4.92 mg., respectively. 

No fecal excretions could be obtained prior to 
treatment because of constipation. The first fecal 
specimen during the study was obtained in a lead- 
contaminated hospital receptacle on the second day 
of his intravenous treatment. This specimen was 
not analyzed. The fecal lead excretions obtained on 
the third and fourth days of his intravenous treat- 
ment were 0.37 mg. and 0.69 mg., respectively. 


The urinary lead-excretion values after treatment 
gradually fell off. They were 0.99 mg., 0.48 mg., 0.28 
mg., and 0.18 mg., respectively, on the Ist, 2nd, 6th, 
and 13th postintravenous treatment days. The cor- 
responding fecal lead-excretion rates rose after 
intravenous treatment and were 0.29 mg., 0.20 mg., 
0.58 mg., and 1.13 mg., respectively. 

Starting on the 14th day after treatment, the 
patient was given 3 gm. of edathamil calcium- 
disodium orally for 10 successive days.- The in- 
dividual lead-excretion values over this period are 
given on the accompanying Figures 1, 2, and 3. 


369 


5S + perore AFTER 
50 
45 
35 
3.0 
25 
! 
20 1 
7 
! 
os 
= 


j 


A. M. 


COMMENT 


As noted in the individual cases presented, 
there are certain variations in excretion 
collections, self-medications, and job ex- 
posures. In spite of this the lead-poisoning 
cases presented herein showed between a 
two- and a three-fold increase in the com- 
bined fecal and urinary lead excretions while 
out of exposure and receiving oral edathamil 
calcium-disodium, as shown in Figure 4. 
This is in direct contrast to Rieders’s* ex- 
perience in which he found no significant 
increase in the combined fecal and urinary 
lead excretions in lead-poisoned rabbits fed 
edathamil calcium-disodium. 

Rieders found a marked shift to urinary 
lead excretion when he fed his animals 
edathamil calcium-disodium. This same phe- 
nomenon was observed in the lead-poisoning 
cases, reported herein, in that the urinary 
lead excretion increased fivefold, while the 
fecal lead excretion only increased twofold. 
It is interesting to note that during oral 
edathamil calcium-disodium treatment the 
feces and urine contributed about equally 
to the combined lead excreted, but before 
and after treatment the feces contributed 
two and one-half to three times as much 
as the urine. 

In one of these cases the cral treatment 
was given after two weeks’ rest from the 
intravenous treatment, while in the other 
two cases intravenous treatment followed 
the oral treatment after a two-week rest. 
The increased urinary lead-excretion re- 
sponse to oral treatment was noticeably less 
in the patient that had been previously treated 
intravenously, but the fecal lead-excretion 
increase was not noticeably different from 
the other cases. Intravenous treatment caused 
essentially the same urinary lead-excretion 
response in all cases even though two had 
been previously treated orally. 

The fecal lead-excretion rates during 
intravenous treatment cannot be quantita- 
tively compared, because Case 1 and Case 2 
were given intravenous treatment while at 
exposure after oral treatment, and Case 3 
was given his intravenous treatment out 
of exposure before his succeeding oral treat- 
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ment. The fecal lead excretion, however, 
was notably lower during intravenous treat- 
ment in Case 1 and Case 2, which may have 
been due to their removal from exposure 
for part of a day for treatment. In Case 3 
suffering from acute colic, no stool specimen 
was obtained prior to intravenous treatment 
because of his constipation. The average 
fecal lead excretion during intravenous treat- 
ment in Case 3 was slightly lower than the 
average fecal lead excretion during the two- 
week rest interval following intravenous 
treatment. The fecal lead excretion in Case 3 
during the rest period following intravenous 
treatment gradually increased from a value 
of 0.29 mg. on the Ist day to 1.3 mg. on the 
13th day, while his urinary lead excretions 
decreased from 0.99 mg. to 0.18 mg., respec- 
tively. Case 3 lives in a lead-smelter building. 
Although during the rest period following 
intravenous treatment this man did not re- 
turn to his occupational exposure, the rise 
in fecal lead excretion may have been due 
to his return home from the hospital. These 
data suggest that fecal lead excretion is 
diminished with intravenous administration 
of edathamil calcium-disodium, but uncon- 
trolled lead-exposure factors during and 
following treatment need to be more ex- 
tensively studied. 


The urinary lead excretion during intra- 
venous therapy accounted for 80% to 90% 
of the total combined lead excreted. During 
oral administration the feces and urine con- 
tributed about equally to the total combined 
lead excreted. 


As stated, during oral treatment both the 
fecal and the urinary lead excretions were 
increased. During intravenous treatment the 
fecal lead excretion was diminished, but 
the urinary lead excretion was markedly 
increased. The combined total urinary and 
fecal lead excretion on oral treatment was 
roughly two-thirds that found with the 
same daily dose given intravenously. This 
is in spite of the fact that two of these cases 
were treated intravenously while under ex- 
posure, and their fecal lead excretions were 
probably much higher than if they had been 
treated while out of exposure. 
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EFFECT OF ORAL Na: Ca EDTA 

Kehoe * has hypothesized in relation to 
the effect of oral edathamil calcium-disodium 
on lead excretion as follows: “Even if there 
should be some over-all increase in the rate 
of elimination of lead, the quantities of lead 
involved, in relation to the total quantities 
absorbed and retained in the body under 
the conditions of potentially hazardous ex- 
posure to lead, probably would be too small 
to be of practical significance.” It is to be 
emphasized that this demonstration of an 
increase in both the fecal and the urinary 
lead excretion with oral edathamil calcium- 
disodium was made while the men were out 
of exposure. As pointed out in Case 1 and 
Case 2, the fecal lead excretion of workers 
during lead exposure is markedly increased 
and quite variable. 


SUMMARY AND CONCLUSIONS 


It is concluded from this study of the 
fecal and urinary lead excretions of three 
lead-poisoning cases treated daily with 3 gm. 
of edathamil calcium-disodium 
intravenously that 


orally or 


1. Oral administration given while men 
are out of exposure causes a significant in- 
crease in both the fecal and the urinary lead 
excretion. There is a two-and-one-half- to 
three-fold increase in the combined urinary 
and fecal lead excretion with oral admin- 
istration. 


ON LEAD 


EXCRETION 


2. In these cases the combined fecal and 
urinary lead-excretion response is approxi- 
mately two-thirds as much on oral as on 
intravenous therapy. 

3. There is a marked shift to urinary lead 
excretion with both oral and intravenous 
therapy. This shift is much greater with 
intravenous therapy. 


4. Data on these cases suggest that fecal 
lead excretion is diminished during intra- 


venous therapy, but uncontrolled environ- 
mental factors may be the cause of this 
observation. 


Drs. Robert L. McKenna and Thomas H. 
Mahony Jr. referred these cases for study, and 
Drs. Sherman S. Pinto, James J. Waring, and 
Harry Foreman offered advice and helpful criticism 
in the preparation of this paper. 
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Cigarette- Smoke 


GERHARD LANGER, M.S. 
and 
M. A. FISHER, M.S., Chicago 


This paper describes a study of the particle 
size, particle concentration, and filtration 
characteristics of cigarette smoke. Such in- 
formation is of value in studying the appear- 
ance of the smoke, its filtration charac- 
teristics, the relation of tobacco type to 
smoke properties, and the retention of the 
smoke by the body. The measurement of 
these properties poses a number of problems, 
because tobacco smoke consists of an un- 
usually high concentration of very small 
particles, predominantly liquid but essen- 
tially heterogeneous in nature. Since such 
systems are unstable, they must be manipu- 
lated with great care to ensure that the 
sampling process does not change the parti- 
cles. The methods of measurement and some 
results are discussed. 

There appear to be only three other re- 
ports in the literature dealing in a compre- 
hensive manner with the measurement of 
the physical properties of cigarette-smoke 
particles. Warner,’ using a cascade impactor, 
indicated that the mean diameter by count 
was around 0.34. Sano? studied the settling 
of individual particles and gave the mean 
diameter by count of the smoke as 0.6p. 
Baumberger * has reported that the weight 
of the smoke in a puff is 4.0 mg. Other work 
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dealing with cigarette smoke in an incidental 
manner is given below. 


Dalla Valle * has stated that on the basis 
of electrostatic separation studies the diam- 
eter of cigarette-smoke particles is in the 
range of O.lp to 0.254. Deutsch® gave a 
range of O.4n to 1.4m in a study of the 
maximum charges on aerosol particles. 
Through measurements of the oscillation 
amplitude of tobacco-smoke particles in an 
oscillating electric field, Wells and Gerke ° 
found an average diameter of 0.27y. Sin- 
clair’ reported that fresh smoke particles 
are 0.34 or less in diameter, while aged 
smoke particles are 0.4u or O.5u; these re- 
sults were based on light scattering by the 
aerosol. He also recounted qualitative work 
on the settling of tobacco smoke.* When 
burning dry tobacco stems, First ® found 
the smoke had a mass-median diameter of 
0.5y-1.0n. Goetz? reported on the weight 
sampling of cigarette smoke with the aid of 
a membrane filter. Swain’! gave the con- 
centration of tobacco smoke as 5,000,000 
particles per milliliter and the particle-size 
range as 0.01p-0.154. Swain’s work appears 
to be the only previous reference to the 
concentration of cigarette smoke. 


GENERATION OF SMOKE 


The smoking machine, shown in Figure 1, 
was constructed to produce smoke under 
reproducible and realistic conditions. It was 
based on a standard smoking cycle,’* with 
a 35 cc. puff or two seconds’ duration. The 
cigarette is smoked at the rate of one puff 
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per minute to a 2 cm. stub in 10 minutes. 
When leaving the cigarette, the smoke passes 
through a straight-bore plug valve leading 
into the 5000 cc. flask used as a sampling 
chamber. Here the smoke is quickly diluted 
and thoroughly mixed by a sharp blast of 
compressed air. This dilution stabilizes the 
aerosol, and it may then be sampled for a 
period of 30 seconds. The remaining time 


Fig. 1—Cigarette smoking machine. 
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in the one-minute cycle is used to purge the 
flask. The operation of the machine is con- 
trolled by a 1 rpm synchronous motor which 
actuates the solenoid valves controlling the 
air and water flow. The test cigarette selected 
weighed within +0.02 gm. of the average 
for the pack. The cigarettes were conditioned 
by storing at a relative humidity of 60% 
and a temperature of 70 F. 
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SAMPLING 


The basic physical properties determined 
were particle size, concentration, and total 
weight. The first two variables were deter- 
mined with a moving-slide impinger, while 
weight samples of the smoke were collected 
on membrane filters. 

The moving-slide impinger was installed 
as shown in Figure 1. The smoke from the 
5000 cc. chamber passes through the second- 
ary diluter where it is diluted by a factor of 
1: 15. Even with this dilution, it is necessary 
to move the microscope slide at a speed of 
15 to 100 cm. per second past the impinger 
jet to avoid overlap of particles. The jet is 
at right angles to the slide and speeds the 
flow of the particles up to almost sonic 
velocity. The particles are thrown out of 
the air stream because of their inertia and 
impinge on the slide. The precision-tooled 
impinger jet has a 0.18 by 5 mm. slit spaced 
about 0.35 mm. from the slide. 

Weight samples of the smoke were col- 
lected with coarse membrane filters made 
by Schleicher and Schuell. These devices are 
disks of cellulose ester with tubular pores 
of closely controlled diameter. The coarse 
type has openings of 3.0p to 0.75 diameter 
and is very effective, even for submicron 
particles, because of electrostatic attraction. 
In collecting weight samples, the cigarette 
was machine-smoked in the usual manner. 
However, the smoke did not enter the 5000 
cc. flask but was collected by a membrane 
filter directly behind the cigarette. Because 
of the large amount of smoke in a puff, the 
filter was faced by an impinger jet which 
deposited most of the smoke in a central 
area, and the remainder of the smoke was 
collected by filtration. 


A thermal precipitator, an electrostatic 
precipitator, and an impinger (to collect 
weight samples) were also tested before it 
was established that the sampling instru- 
ments described previously were most suit- 
able for this work. Testing these additional 
samplers served as a check on the per- 
formance of the impinger and its associated 
equipment. 
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In the sampling procedure for the Casella 
thermal precipitator, from 10 to 20 cc. of 
smoke was drawn from the 5000 cc. flask 
into the 1000 cc. diluter, shown in Figure 1, 
and mixed with a stirrer. This second dilu- 
tion was necessary to obtain a measurable 
sample volume through the thermal precipi- 
tator. Cigarette smoke successfully 
sampled with this type of instrument. A 
number of tests were made in which a puff 
of smoke was simultaneously sampled with 
the impinger and the thermal precipitator. 
The results were in good agreement as to 
concentration and particle size measured. 
Since the thermal precipitator has been 
shown to be extremely efficient for the col- 
lection of very small particles, the results 
represent sampling efficiencies of over 90% 
for the jet impinger. 

The electrostatic precipitator consisted of 
a 2 in. diameter glass tube surrounded by 
aluminum foil which served as one electrode. 
A central wire served as the other electrode. 
The cigarette was smoked with a standard 
puff by a smoking machine which forced the 
air through the cigarette. In this manner 
the smoke passed directly into the precipita- 
tor tube without handling and was immedi- 
ately diluted 1: 100. As soon as the smoke. 
reached the end of the tube, the air flow 
was shut off. The length of the tube was 
adjusted so that at this point the whole 
puff just filled the tube. Next, the smoke 
was precipitated on the tube walls, and 
samples were collected on microscope cover 
slips placed along the tube. These cover slips 
were treated with silicone on the side away 
from the wall. (If these slips were coated 
on both sides, no smoke would be collected 
on the cover slips.) A number of cigarettes 
were sampled successfully with this instru- 
ment. These tests were compared with simi- 
lar tests using the moving-slide impinger 
and were found to be in good agreement. 
This showed that no unusual amount of 
agglomeration took place when handling the 
smoke prior to sampling and during sampling 
with the impinger and associated equipment. 
If this had not been the case, the size dis- 
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tribution from the electrostatic precipitator 
should have been smaller, because there the 
smoke is exposed to a minimum of handling. 

Finally, the impinger jet was operated with 
a stationary slide to collect the smoke from 
the 5000 cc. chamber in bulk so it could be 
weighed. To make sure that most of the 
smoke was deposited, the impinger jet was 
backed up with a membrane filter to collect 
particles escaping deposition. It was shown 
that only 60% to 70% by weight was caught 
by the slide, compared with an efficiency 
much above 90% by weight for the jet when 
it collected single particles for counting. 
Evidently reentrainment of the smoke de- 


CIGARETTE-SMOKE 


PARTICLES 


posit because of air turbulence took place 
when collecting a mass sample. To reach a 
collection efficiency above 90%, the deposit 
had to be fully protected from the air stream. 
Covering the slide with a piece of absorbent 
paper into which the smoke penetrated was 
one successful scheme. 


PARTICLE COUNTS AND SIZE MEASUREMENTS 


The number and size of the particles were 
determined with dark-field microscopy. A 
Spencer bispherical condenser in conjunction 
with a Zeiss neofluar 40 « /0.75 N. A. objec- 
tive proved to be the best. It should be noted 
that the smoke particles were necessarily 


Fig. 2. — Photomicro- 
graphs of cigarette smoke 
from a plain (4) and a 
filter (B) cigarette, Puff 
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TABLE 1.—Particle-Size Distribution 
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and Concentration of Smoke for a Plain and a Filter Cigarette 
Determined by Count 


Particle-Size Range, 


Total particles counted for size measurements, no. 
Concentration, 10° particles/ce 
Volume or weight mean diameter, u 


mounted in air, but the condenser was actu- 
ally designed for a liquid mounting medium. 
The optical system was corrected accord- 
ingly by extending the drawtube to a distance 
of 175 mm. 


Since the measurement of many particles 
directly in a dark field is very time consum- 
ing and since the smoke particles are un- 
stable, the slides were quickly photographed, 
and the negatives were projected for meas- 
urement. The time of exposure, once 
selected for proper contrast, was held con- 
stant, along with the light intensity and 
developing conditions throughout the work. 
Appropriate corrections were made for the 
fact that, when a photomicrograph is taken 
of a small particle, its apparent diameter 
varies considerably with the length of ex- 
posure. 


It may be questioned whether the size- 
distribution data represent the true size of 
the particles in the aerosol. Since the particles 
are of an oily nature, they will spread from 
a true spherical shape while resting on a 
glass slide. On the other hand, it has been 
shown that the particles partly volatilize 
during sampling. This may counteract the 
spreading by contraction of the periphery 
due to evaporation. 


A detailed study of this problem showed 
that the spreading of the smoke particles 
was minimized by coating the slides with 
silicone. Also, evaporation was found to 
376 
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reduce the particle size to a point where the 
apparent diameter of the particles on the 
slide closely represented the size of the 
particles in the actual smoke. 


Although it may seem to be a minor 
detail, the proper care of the microscope 
slides is very important. Slides were cleaned 
in very hot cleaning solution, washed in 
boiling distilled water, rinsed in a dilute 
solution of aerosol OT wetting agent, and 


TABLE 2.—Weight of Smoke per Puff for a Plain 
and a Filter Cigarette * 


Plain Filter 

Cigarette, Cigarette, 

Wt. from Wt. from 

Membrane Membrane 

Puff Filter, Mg. Filter, Mg. 
Dic 2.6 11 
2.7 1.3 


* These results are from the two cigarettes used for data 
in Table 1. 


wiped dry with lens paper. Finally, to keep 
the spreading of the particles to a minimum, 
the slides were wiped with silicone-treated 
lens tissue. 


Typical photomicrographs are shown in 
Figure 2, The wide spacing of the particles 
on the slides was found necessary to prevent 
overlap which may lead to significant 
errors.’* If two liquid particles touch on a 
slide, they coalesce into one single round 
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Fig. 3. — Size-distribu- 
tion curves for plain and 
filter cigarettes. 
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particle, and there will be no evidence of 
overlap as in the case of solid particles. 


A set of results for a plain and a filter 
cigarette is reported to illustrate the applica- 


tion of the techniques discussed in this paper. 
The tobacco in the two cigarettes is the 
same blend. 


Table 1 is a summary of the size-distribu- 


tion and concentration data obtained with 


the moving-slide impinger. The size-distribu- 


tion counts were made from the projected 


image of the negatives placed in an enlarger. 


Table 2 gives the weight of the smoke in 
a puff obtained with the membrane filter. 


It should be noted that the weight tests were 


made on the same two cigarettes used for 


the impinger samples. Figure 3 is a log 


probability plot comparing the size distribu- 


tion for the individual puffs. Figure 2 is a 


photomicrograph representing Puff 6. 


SUMMARY 


An automatic smoking machine was used 
to produce cigarette smoke under realistic 


conditions. The smoke was sampled with a 


moving-slide impinger and examined by 


dark-field illumination. 


The median diameter of the cigarette- 
smoke particles from the plain cigarette was 
0.6n for Puffs 2, 6, and 10. For the filter 


PARTICLES BELOW CORRESPONDING 


l 
90 95 98 99 
SIZE, PERCENT 


cigarette it was 0.5p, O.5p, and for Puffs 
2, 6, and 10, respectively. The concentration 
increased from 2.2 108 for Puff 2 to 5.3x 
10° particles per cubic centimeter for Puff 
10 of the plain cigarette and from 2.0 10° 
for Puff 2 to 2.910* particles per cubic 
centimeter for Puff 10 of the filter cigarette. 
The weight of the smoke per puff increased 
from 1.8 to 5.2 mg. and from 0.8 to 2.4 mg. 
for the 2d to the 10th puff, respectively, for 
the plain and the filter cigarette. 

This work was sponsored by the P. Lorillard 
Company (Dr. H. B. Parmele, Director of Re- 
search) as part of a study of the physical proper- 
ties of cigarette smoke. Mr. H. W. Zieler, of W. H. 
Kessel Company, Chicago, contributed generously 
from his wide experience in microscopy in the de- 
velopment of the dark-field technique. 
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FRED W. OBERST, Ph.D. 
ETHEL B. HACKLEY, M.S. 
and 

CHARLES C. COMSTOCK, B.S. 
Army Chemical Center, Md. 


In recent years the amounts oi aniline re- 
quired by industry and the military have 
increased many fold. Handling and storage 
of this important compound have developed 
problems in the field of toxicology, with 
special emphasis on the health hazard to 
personnel exposed repeatedly to low concen- 
trations of its vapor. The acute toxicity of 
aniline to man and animals is well known; 
however, a search of the literature revealed 
little information on the chronic toxicity of 
its vapor by inhalation to experimental ani- 
mals. Most of the investigations have been 
concerned with the acute toxicity by intra- 
venous, percutaneous, or oral administration. 
Only a few studies have been made on inhala- 
tion toxicity. 

One of the earliest investigations on the 
chronic inhalation toxicity of aniline was 
reported by Jaffé’ in 1920. He exposed 
three mice, three rats, and three rabbits to 
aniline vapor daily (concentration not given ). 
The animals lived for an average of six 
months after the experiments were initiated. 
One animal lived one year and four months. 
On autopsy the lungs of the animals showed 
a marked hyperemia, bronchitis, and _peri- 
bronchitis. Death was due to bronchopneu- 
monia and abscess formation with necrosis. 


Received for publication June 6, 1955. 


From the Toxicology Division, Chemical War- 
fare Laboratories. Mr. Comstock’s present address 
is 5617 Mullen Ave., Los Angeles 43. 


Chink Toxicity of Aniline Vapor (5 ppm) 


Some animals showed myocarditis and fatty 
changes in the kidney and liver. 

In chronic exposures of dogs to a concen- 
tration of 10 mg/m.* of aniline vapor for two 
hours daily, Pravdin* found that the total 
blood glutathione changed only slightly at 
first, although the ratio of reduced to oxidized 
glutathione was decreased in the early part 
of the experiment and was increased in the 
later part. The final result was an increase 
in the total blood glutathione. Shakhnovsk- 
aya* observed that prolonged exposure of 
dogs to concentrations of aniline approxi- 
mately those found in industry caused a 
break in the permeability coefficient of electro- 
lytes and wide fluctuations of the ratio of 
potassium to calcium in spinal fluid and in 
blood serum. He stated that the amount and 
direction of the shift in the permeability co- 
efficient for K*, Ca™*, and Cl, together 
with the stimulant effect observed in some 
dogs, indicated that chronic aniline poisoning 
acts on the autonomic nervous system. 


that neither 
chronic nor acute aniline poisoning by inhala- 


Novakovskaya* observed 
tion or through skin absorption produced any 
specific changes in the gas metabolism of 
guinea pigs. After acute intoxication, how- 
ever, he found fatty degeneration of liver, 
kidneys, and cardiac muscles and a chroma- 
tolysis of the cells in the anterior cornu of 
the spinal cord, as well as a deposition of 
iron in the liver and spleen. 

In tests with white mice Shakhnovskaya * 
found that in both acute and chronic inhala- 
tion intoxication with aniline the perme- 
ability of the hematoencephalic barrier to 
intravenously injected 1% trypan blue was 
raised. Acute poisoning showed preferential 
staining of the cortex, whereas in chronic 
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poisoning the dye was found mainly in the 
periventricular and nerve stem areas. Resto- 
ration of the hematoencephalic barrier oc- 
curred more slowly after chronic than after 
acute inhalation. 


As a result of tests made on white rats 
exposed one to three hours to aniline vapor 
(1000 to 2000 mg/m.*), Il’ini® found re- 
tardation of tissue respiration in the liver, 
kidney, spleen, and diaphragm. 

Comstock and Oberst * found that a single 
eight-hour exposure to aniline vapor at a 
concentration of 2100 mg/m.* or 550 ppm 
killed 82% of the rats. The only pathological 
change found was the presence of methemo- 
globinemia. 


The generally accepted value for the maxi- 
mum allowable concentration (MAC) of air 
pollution for aniline vapor is 5 ppm (19 
mg/m.*).* Patty® conducted a survey in 
1943 in 34 states to determine the MAC 
values for various industrial contaminants 
found in air. For aniline the range reported 
was 5 to 7 ppm. The present study was de- 
signed to check the value of 5 ppm on various 
species of laboratory animals and to establish, 


with greater certainty, the correctness of 
this value. 


EXPERIMENTAL PROCEDURE 


The following animals were employed in this 
experiment: 5 male dogs (beagles), weighing from 
9.1 to 11.8 kg.; 31 male albino rats, Wistar strain, 
weighing 150 to 200 gm.; 40 female albino mice, 
weighing 20 to 30 gm., and 19 guinea pigs, weigh- 
ing 300 to 400 gm. Prior to the experiment the 
health of the rats, mice, and guinea pigs was 
ascertained by killing a few of each species, taken 
at random, for pathological examinations. The dogs 
were certified by a veterinary officer to be in good 
physical condition. The Table shows the distribu- 
tion of animals used in this experiment. 

The test animals were exposed six hours daily, 
five days a week, to a median concentration of 19 
mg/m.® or 5 ppm (Qi = 5.2, Qs = 4.9) of aniline 
vapor. Dogs 107 and 58 and nine rats were exposed 
for 26 weeks, while the mice and guinea pigs were 
exposed for 20 weeks. Eleven rats were killed at 
intervals throughout the experiment. Dog 131 was 
kept as a control. Later, two additional controls, 
Dogs 264 and 265, were added. The control dogs 


* References 8 and 9. 
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(Dogs 264 and 265), the guinea pigs, and the mice 
were placed in a control chamber six hours daily, 
at the same air flow as in the test chamber. 
Control Dog 131 was kept in a cage in the same 
room as the gassing chambers. When not being 
exposed, the experimental dogs and the chamber 
control dogs occupied cages located in the room 
containing the gassing chambers. The animals were 
fed after the six-hour exposure period. The dogs 
received a mixture of cooked horse meat and warm, 
moistened commercial dog food, while the rats, 
mice, and guinea pigs received the usual commercial 
laboratory diet in pellet form. The guinea pigs, in 
addition, received lettuce leaves and carrots twice 
a week. 

The aniline vapor was dispersed in the chamber 
by passing air at a constant rate through a dis- 
persion bubbler containing aniline { at 25 C. The 
vapor was first passed into a mixing bowl, where 
it was mixed with air, and the mixture was drawn 
through the chamber at a flow rate of 0.16 m*/min. 


Utilization of Animals 


Animals 
Exposed to Control 
Aniline Animalsin Animals 
Vapor Control Not in 
at5Ppm, Chamber, Chamber, 
Animal Species No. No. No. 
2 2 1 
20 0 11 


Guinea pigs........ 10 9 0 


A six-hour exposure was terminated by closing off 
the aniline supply and allowing the agent remaining 
in the chamber to be flushed out with fresh air 
before removing the animals, to compensate for the 
initial equilibration time. 

All dogs were exercised on a treadmill, at a 
speed of 5 miles per hour, for five minutes daily 
before exposure. The animals were observed daily 
for toxic signs occurring during the exposures. 

Two weeks prior to exposure blood and urine 
analyses and body-weight determinations of each 
dog were made. Groups of five rats were weighed, 
and the average weight per animal calculated. All 
these measures were determined once a week 
during the course of experimentation. Blood and 
urine samples were obtained from each dog about 
once a week, immediately after a six-hour exposure. 
The blood was drawn under oil from the anterior 
cephalic vein; a portion of the blood was heparin- 
ized in a separate tube; the urine specimens were 


+ Each chamber had a capacity of 0.45 m.%, with 
air flow of 0.16 m*/min. 

t The aniline used in this experiment was sup- 
plied by Aeroject Engineering Corporation, Azusa, 
Calif. 


CHRONIC INHALATION TOXICITY OF 


catheterized samples. Whole oxalated blood was 
used for methemoglobin determination. The follow- 
ing determinations were made: 

1. Whole Blood— Methemoglobin,'® hemoglo- 
bin,1! sedimentation rate, differential white blood 
cell count, platelet count, and hematocrit. 

2. Serum.—Chloride,!?_ bicarbonate,'* sugar,!4 
urea,!® potassium and sodium,!® calcium and phos- 
phorus,'? and cholesterol.!* 

3. Urine —pH (Fisher alkacid test paper), specific 
gravity (hydrometer), sugar (Benedict's reagent), 
albumin (Roberts’ reagent), microscopic examina- 
tion of sediment, and chromogen content (Bratton 
and Marshall !* as modified by Hill 2°). 

Since a number of diazotizable substances may 
be present in urine after aniline administration, a 
single reference standard may be misleading. In 
the procedure for the evaluation of chromogen, the 
color after diazotization was read in a Klett-Sum- 
merson colorimeter at 540 ms, one unit of chromo- 
gen being considered as one space division (equiva- 
lent to an optical density of 0.002 at a solution 
depth of 1 cm.) on the potentiometric scale. Allow- 
ance for the dilution factor in different urine 
specimens was made by expressing chromogen 
excretion as the ratio of the chromogen to creatin- 
ine excretion per milliliter of urine. 

Blood pressures of the experimental and control 
dogs were taken daily for a period of three weeks, 
with an interval of four weeks elapsing between 
each group of determinations. The dogs were exer- 
cised on a leash and allowed to relax for a period 
of 10 to 20 minutes before their blood pressures 
were taken. A mercury sphygmomanometer, having 
a small-size cuff, was used for determining the 
arterial blood pressure. With the dog held in a 
supine position by three legs, a cuff was placed 
around a hind-leg just below the knee joint. Pal- 
pation with a finger was made over the tibial artery. 
Pressure in the cuff was applied until the arterial 
motion ceased; then the air was slowly released, 
and the reading at which the arterial motion was 
felt again with the finger was taken as the blood 
pressure. Only the diastolic pressure was taken. 

Rectal temperatures of the dogs were checked 
occasionally. At the conclusion of the experiment 
four each of the smaller species of animals, experi- 
mental and controls, and all the dogs were killed 
for pathological examination. 

The aniline vapor (28 to 84 liters of air contain- 
ing 140 to 420 mmg. of aniline) was collected in a 
bubbler containing 20 ml. of glacial acetic acid. 
For analysis, 1 ml. of this solution was accurately 
diluted to 100 ml. with water. The aniline in this 
aliquot sample was diazotized and coupled with 
N-(l-naphthyl)-ethylenediamine dihydrochloride to 
produce a stable color. The detailed procedure is as 
follows: 1 ml. of this diluted solution was placed 
in a graduated cylinder, followed by 4 ml. of 
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distilled water and 0.5 ml. of 0.2% sodium nitrate. 
After 10 minutes, 0.5 ml. of 1% solution of am- 
monium sulfamate was added, and the solution 
allowed to stand 3 minutes. Then 1 ml. of a 30% 
solution of sodium acetate was added, and the 
solution stirred. After the addition of 0.5 ml. of a 
0.2% solution of N-(1-naphthyl)-ethylenediamine 
dihydrochloride, the solution was allowed to stand 
for 20 minutes. Then 0.5 ml. of concentrated hydro- 
chloric acid was added, and the solution was diluted 
to 20 ml. and thoroughly mixed. The intensity of 
the colored solution was read on the Klett-Sum- 
merson colorimeter using No. 54 filter. The con- 
centration of aniline corresponding to this reading 
was taken from a standard curve that had been 
previously made, using solutions containing known 
concentrations of reagent grade aniline. 


RESULTS 

1. Signs of Intoxication—With the ex- 
ception of the rats, no animals showed toxic 
signs from exposures to aniline vapor during 
the course of the experiment. The rectal 
temperatures of all dogs were within the 
normal range. All rats showed a mild bluish 
color on the skin of their tail, ears, feet, and 
around the eyes and nose during the last 
month of exposure. 

2. Body Weight——All dogs showed a gain 
of 0.2 to 2.5 kg. in body weight. The lowest 
weight increase was made by Dog 265, a 
control. All rats approximately doubled their 
body weight during the course of the experi- 
ment, although during the last three weeks 
the exposed rats began to lose some weight. 

3. Blood Analysis —In this experiment no 
deviation from normal values was detectable 
in either the biochemical or the hematological 
results for the dogs. The rats showed a slight 
increase in methemoglobin. Since there were 
no marked deviations from normal values, 
except for methemoglobin in rats, presenta- 
tion of detailed data has been omitted. 

4. Urinalysis —Data obtained from urine 
of dogs were unrevealing, with the exception 
of the chromogen content. A definite, though 
variable, increase in free chromogen excre- 
tion was found in the two aniline-exposed 
dogs as compared with the control, Dog 131 
(Fig.). 

5. Blood Pressure—The blood pressure 
changes in all dogs showed irregular varia- 
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tions during the course of the experiment. 
This made it almost impossible to draw a 
definite conclusion as to the effects of chronic 
exposure to aniline vapor on the blood pres- 
sure picture. By close inspection of data 
from the exposed animals as compared with 
the control animals, it appears that the blood 
pressure is slightly decreased almost im- 
mediately after initiation of the exposure 
period and persists for about two months, 
after which there is a tendency for the values 
to return to the preexposure value. With 
exception of Dog 107, the values exceeded 
the preexposure ones, but in the last six 
weeks they showed a gradual decline. Among 
the control dogs there was a general tendency 
for the blood pressure to increase slightly 
during the course of the experiment, particu- 
larly during the last month. No explanation 
can be offered for this slight but variable 
increase. 

6. Pathology—There were no pathological 
findings in any of the animals which could 
be attributed to the chronic exposure of the 
aniline vapor. 

COMMENT 


Smith and Williams *! have demonstrated 
the presence of a number of detoxification 
products of aniline in urine of rabbits. Hill *° 
studied diazotizable metabolites of urine 
which he called chromogen. He made deter- 
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minations for both free and total (acid hy- 
drolysable) chromogens in urine. In the 
present tests on dogs exposed to aniline 
vapor, only the free chromogen was reported, 
as the values for total chromogen were lower 
than those for the free. Apparently in dog 
urine, acid hydrolysis destroyed a portion of 
the free chromogen material. 

Hill examined the urine of men after 
spreading 5 gm. of aniline on one forearm 
until the sponge employed became dry. He 
found a considerable amount of total chromo- 
gen in the urine without the presence of 
methemoglobinemia or the production of cy- 
anosis in the subject. The absence of methe- 
moglobinemia and the presence of free 
chromogen in urine of dogs exposed by 
inhalation to a low concentration (5 ppm) 
of aniline vapor for six months is in agree- 
ment with Hill’s observation on man. 


The rats exposed to aniline vapor were 
not examined for urinary chromogen ; how- 
ever, they developed a mild methemoglobin- 
emia and showed some blueness of the skin 
characteristic of aniline poisoning. As the 
rats and dogs were exposed at the same time 
to the same vapor concentration, it was a little 
surprising to find methemoglobinemia pres- 
ent in rats while absent in dogs. It has been 
clearly demonstrated that the herbivores, 
such as guinea pigs and rabbits, are exceed- 
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ingly resistant to methemoglobin formation 
and apparently metabolize aniline entirely 
differently than carnivores. Lester ** reported 
that in the case of acetanilid the rat is about 
one-sixth as sensitive as the dog to methemo- 
globin formation. The comparative degree 
of sensitivity of aniline may be about the 
same, although Smith and Williams *' stated 
that the metabolites of acetanilid in rabbits 
are not the same as those of aniline. 


In most of the aniline experiments per- 
taining to mechanism of action, the work has 
been done on animals receiving the agent by 
routes other than by inhalation of the vapor. 
Clark, Van Loon, and Morrissey ** found 
that the dominant effect of the acute intoxi- 
cation of aniline by intravenous injection in 
the dog was “the production of methemo- 
globinemia and thus indirectly the effects of 
oxygen deficiency on the various physiologi- 
cal systems.” They found that large doses 
caused circulatory depression and cardiac ar- 
rhythmias, while smaller doses produced 
transient central nervous and circulatory 
stimulation. Clark, Van Loon, and Adams ** 
observed that oral administration of small 
doses of aniline to dogs produced a definite 
and fairly prolonged methemoglobinemia, 
without significant alterations in blood pres- 
sure. Blinova and Medvedeva ** stated that 
acute aniline poisoning in dogs (mode of ad- 
ministration not given) caused a very rapidly 
appearing, progressive reduction of the oxy- 
gen content of the blood, a reduction in the 
oxygen fixing power, methemoglobinemia, a 
gradual lowering of blood pressure, and a 
weakening of heart action. On the other 
hand, in acute experiments with aniline, 
Young, Muehlberger, and Meek ** found no 
methemoglobin produced in anesthetized dogs 
after intravenous administration of 0.1 grain 
(6 mg.) of aniline per kilogram. They postu- 
lated, on the basis of electrocardiographic 
tracing, that aniline directly affects the heart 
muscles, including the specialized conductive 
tissue, and in the proper dosage would pro- 
duce all types of arrhythmia and heart block. 
Gaeta ** found that guinea pigs injected with 
aniline displayed alterations in the pathology 
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of lungs, heart muscles, and spleen, as well 
as a decrease in red blood corpuscles and 
hemoglobin content of the blood. 


Mention should be made of the compara- 
tive inhalation dosages received by various 
animal species exposed to a given vapor con- 
centration. Using the Guyton ** formula, the 
respiratory minute volume of the rats and 
dogs exposed in the present tests was calcu- 
lated from their respective average body 
weights. It was found that the respiratory 
minute volume, milliliters per kilogram of 
body weight, was nearly three times as great 
for the rats as for the dogs. This, therefore, 
suggests that the rats received approximately 
three times as much aniline per unit weight 
by inhalation as the dogs. The exposure 
concentration of 5 ppm was so low that dogs 
did not develop methemoglobinemia or show 
other toxic signs, but rats receiving about 
three times as much agent per kilogram body 
weight did show a mild degree of methemo- 
globinemia and evidence of cyanosis. If a 
similar calculation is made for a 70 kg. man, 
the inhalation dosage per kilogram body 
weight is approximately two-thirds that of 
the dog. It is, therefore, concluded that for 
man 5 ppm of aniline vapor is a safe estimate 
for the MAC. 


SUM MARY 


No well-defined toxic signs were noted in 
any of the animals exposed to aniline vapor 
at a concentration level of 5 ppm (19 mg/ 
m.*). There were no significant changes in 
blood and urine constituents of dogs, with 
the exception of an increase of chromogen 
in urine. Inhalation of aniline vapor by rats 
produced a perceptible amount of methemo- 
globinemia, the maximum amount being 0.6 
gm. per 100 cc. during the 23d week of ex- 
posure. The presence of this substance in 
blood of dogs was questionable. The results 
of this study agree with the maximum per- 
missible concentration of air pollution pro- 
posed by various individual states. 

Mr. David L. Hill determined urinary chromo- 
gen and creatinine, Dr. Jean Kerschner and Mr. 


William Groff made blood analyses, and Mr. Paul 
Yevich conducted the pathological examinations. 
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ANNUAL REPORT FOR FISCAL YEAR 1955 
OF THE 
OCCUPATIONAL HEALTH BRANCH 
PUBLIC HEALTH SERVICE 


In its 40 years of operation the Occupational Health Branch of the Public 
Health Service has conducted numerous field studies of occupational diseases, 
carried on related toxicologic and other laboratory research, and provided consulta- 
tion on worker health problems to governmental and voluntary agencies, the health 
professions, industry, and labor. In its efforts the Branch has consistently worked 
toward the common objective of all those active in the field of occupational health— 
to protect, improve, and maintain the total health of the men and women who make 
up the production force of the nation. 

This responsibility is discharged through the administrative offices of the 
Occupational Health Branch in Washington, D. C., its main research laboratory 
in Cincinnati, Ohio, and a field station in Salt Lake City, Utah. The 1955 appro- 
priation for the Branch was $537,500. Branch personnel numbered 8 in the Wash- 
ington office, 57 in Cincinnati, and 9 in Salt Lake City. 


STUDIES OF OCCUPATIONAL DISEASES 


Health of Uranium Miners—The growing use of radioactive materials in 
industry has spotlighted the Colorado Plateau as the atomic-fuel storehouse of 
the nation. Because of the potential dangers faced by the men who mine and mill 
the uranium ore, this area has been the scene of extensive clinical and environ- 
mental studies by the Public Health Service and the Health Departments of the 
States concerned over the past five years. 

Although the uranium mining experiences in Europe cannot be considered 
a parallel situation, they reveal that a period of from 10 te 17 years may elapse 
before’ the appearance of symptoms of radiation injury. Medical findings te date 
in the Colorado Plateau may therefore be considered inconclusive. As part of a 
long-term follow-up study, a medical survey of approximately 1300 uranium miners 
was completed last year. Men on whom data were collected will be followed closely 
to detect any signs of injury to their health. 

Concurrently, environmental studies seek not only to determine the levels of 
radiation and of potentially harmful dust and gases but also to develop effective 
means for their control and reduction. As an outgrowth of some of the practical 
difficulties encountered, a dust chamber was built by the Occupational Health Field 
Station in Salt Lake City for experimental study of filtration and adsorption as 
controls for radioactive gas and dust. Laboratory work on this project is near 
completion. The equipment designed and methods of operation developed already 
are being field-tested in uranium mines in Colorado. 

As part of the study research on the urinary excretion of polonium as a measure 
of total exposure to radon and its decay products was begun in cooperation with 
the Colorado State Department of Public Health. 


Accepted ior publication Dec. 9, 1955. 
U. S. Department of Health, Education, and Welfare, Public Health Service, Bureau of 
State Services, Division of Special Health Services, Washington 25, D. C. 
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Since application of health standards in the uranium mines and mills cannot 
wait for completion of the study, which may take many years, a tentative safe 
working level of radiation has been established. The level of 100upc of radon at 
equilibrium with its immediate daughters, which had been proposed by the National 
Committee on Radiation Protection, was adopted as a tentative standard by the 
Seven-State Uranium Mining Conference on Health Hazards held in Salt Lake 
City in February, 1955. While long-range studies are being conducted, the staff 
is working closely with state officials and mine owners to see that levels of radia- 
tion are maintained within these tentative limits. This involves advice on the mine 
environment, ventilation, and other control measures, calibration of sampling 
instruments, as well as actual field studies of individual mines. 

Effect of Noise on Hearing.—Under way since 1953, the Branch’s study of 
industrial noise and its effect on hearing seeks to develop data on which to base 
standards for industrial noise control. Serial audiograms are being obtained on a 
group of approximately 1000 workers employed in the industries at four federal 
penitentiaries together with measurements and analysis of noise conditions. 
Men being studied work on jobs making wooden and steel furniture, steel shelving, 
shoes, brushes, clothing, cotton and woolen textiles, and in printing operations. 


Audiograms are also being obtained on all new men admitted to several of the 
institutions. Base-line or preexposure data thus will be available on any of these 
men who are assigned to noisy jobs. In addition, information on these new admis- 
sions, which now exceed 2000 cases, will provide data on the relationship of age 
to hearing loss. 

Impact noises, such as those caused by drop hammers, have been recorded on 
tape for laboratory study and analysis. This has provided information which will 
be useful in evaluating instruments designed to measure such impact-type noises. 

Pneumoconiosis in the Diatomite-Producing Industry.—The relationship of the 
numerous cases of pneumoconiosis reported among workers in the mining and 
processing of diatomite to the occupational exposure was the subject of a com- 
prehensive two-year study completed in 1954. A report is now being prepared 
for publication. A continuing aspect of the study calls for biennial review by the 
Branch of chest x-ray films of employees remaining in the industry and for follow-up 
of employees leaving the industry. 

Radiation Exposures in the Healing Arts—As part of an over-all study of 
occupational radiation exposures among the health professions, surveys were con- 
ducted at the offices of 44 pediatricians in Cincinnati. To check dosage, pocket 
dosimeters were placed for a week in laboratory coats worn by the physicians. An 
instrument to record duration of time the machine was in use was connected to 
the x-ray equipment and left at each office for a period of two weeks. A general 
radiation survey of x-ray equipment and practices was also made at each office. 
Reports of findings, ranging from insignificant to potentially serious exposures, 
were sent to the physicians covered in the survey. 

Skin Cancer in Shale-Oil-Processing Industry—For the past eight years the 
U. S. Bureau of Mines has been operating a shale-oil-processing plant at Rifle, 
Colo., to develop practical methods of producing oil from shale. The workers engaged 
in operations, such as retorting of shale rock and refining of crude shale oil, have 
been exposed to various hydrocarbons, some of which are believed to be capable 
of causing cancer of the skin. 
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In view of this, a project was undertaken in 1951 to determine whether actual 
health hazards existed in this operation. For the third successive year an annual 
examination of the employees, with emphasis on cutaneous abnormalities, was 
conducted in July, 1954, Approximately 180 men have been examined each year. 
Thus far the study has indicated that there is no significant difference in the 
incidence of skin lesions among workers with light and severe exposures, as com- 
pared with those with no exposure to shale oil. 


It is hoped that facts derived from this horizontal-type study can be utilized 
by the corporations which are presently engaged in developing shale oil as a source 
of liquid fuel. 

OCCUPATIONAL HEALTH RESEARCH 

Clinical Research—Work in clinical research has been closely related to prob- 
lems encountered in field studies and consultative activities. The emphasis is 
being directed toward the development of practical physiologic function tests which 
can be applied in field studies or which can be utilized by plants in their own 
programs. The major portion of clinical research activities are directed in the fields 
of epidemiology, physiology, pathology, and dermatology. 

Although medical literature has contained many articles on cutaneous sensitiza- 
tion due to metals, the fundamental reasons why people become sensitive to solid 
metals or their salts and why there is a difference in response to these compounds 
have not been determined. 

A long-term study was begun in which solid metals and their salts are being 
studied spectrochemically to determine the extent of cross contamination with other 
metals. In addition, the metals and their salts are being studied from the standpoint 
of solubility and other properties which may be responsible for their ability to 
produce cutaneous allergies in man. Concurrent tests are being conducted on humans 
who have acquired specific sensitivity to a metal. 

Another dermatologic activity was a large-scale laboratory evaluation of silicone 
and nonsilicone protective ointments and creams. This study provided valuable data 
regarding the efficiencies of the various barrier agents. In addition, a field and 
laboratory study was conducted on the cutaneous effects of waterless hand cleansers. 

Toxicologic and Analytic Research—Preventive Industrial Toxicology: A new 
experimental approach in preventive industrial toxicology is being developed at the 
Occupational Health Field Headquarters. Broader explorations are now being made 
into the means by which toxic agents cause their injury to the body (mechanism 
of action). Knowledge of how a foreign substance acts in the body often permits 
the development of antidotes to combat any harmful effects and of prophylactic 
agents to prevent the onset of illness or injury. Such information holds promise, 
too, for the development of new tests for overexposure or early diagnosis of injury 
before any sign or symptom becomes manifest in the exposed persons. 


Toxicity of Vanadium: The past year saw completion of a study of the effect 
of small amounts of vanadium on cholesterol and phospholipid metabolism. Rabbits 
and rats were used as the experimental animals. The phospholipid and cholesterol 
content of the liver and the blood plasma of control and of test animals receiving 
50-100 ppm vanadium as the pentoxide or sodium metavanadate was compared. 
The results indicated that smaller amounts of these lipids were present in the 
tissues and blood of vanadium-fed animals. This is the first time it has been demon- 
strated in experimental animals that vanadium could lower the cholesterol content 
of the organism. 
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Also completed was a two-year study demonstrating the value of measuring 
fingernail cystine as an index of subclinical response to vanadium exposures. Normal 
fingernails contain about 10% cystine. Values below 9% are considered abnormal 
and indicative of altered protein metabolism brought about by vanadium in the 
absence of other conditions known to effect a similar change. 


New Analytic Methods: A spectrochemical method which permits determina- 
tion of submicrogram amounts of arsenic was developed. This method represents 
the only spectrochemical procedure that has been developed for arsenic in biologic 
materials and is 16 times more sensitive than its closest rivaling method. 


Also developed in the past year was a new spectrographic method, employing 
preliminary chemical concentration, which provides many-fold increase in sensitivity 
over that of the direct spectrographic method, depending upon the size of the 
original sample. This method was applied to the determination of cobalt in the 
tissues of normal animals as a basis for determining the absolute increase resulting 
from experimental cobalt exposures. 


Development of a new method for nitrogen dioxide determination has created 
sustained, widespread interest. In addition to its application to industrial hygiene 
testing, this method has significance in the field of air pollution, because it extends 
the present range of determination to concentrations 1/100th that of exist- 
ing methods. 

Metabolite of Carbon Tetrachloride: Analytic work is in progress to attempt 
the identification of a specific urinary metabolite of carbon tetrachloride. The 
quantitative determination of this metabolite may be used as a biologic threshold 
of exposure and thus supplement on an individual worker basis the present control 
method of threshold limit for air of carbon tetrachloride. 

Other Activities: Among other activities a study was completed on the acute 
toxicity of naphthenic acids from petroleum and their metal salts, and a sensitive 
method of ozone analysis was modified for application to community air-pollution 
studies. 

Industrial Hygiene Engineering Research.—Research in industrial hygiene 
engineering includes the measurement, analysis, evaluation, and control of factors 
which affect the health and efficiency of workers. To carry out this work effectively, 
engineering methods and instruments are developed, modified, and perfected as 
the need arises. 

Study of Molecular Filter: One of the important projects of the past year was 
the study of the use of the molecular filter for sampling, sizing, and quantification 
of particulate matter in air. Because of its high efficiency as a collector of particulate 
matter, the filter may be especially adaptable to such work. 

Testing of Tape Recorder: Research was continued into the laboratory calibra- 
tion and field testing of a commercial tape recorder which can be used to make 
permanent records of sounds over wide frequency ranges. The sounds were recorded 
by a microphone placed near a worker’s ear. Then the tapes were played back, 
either through the oscilloscope or the conventional sound-level meters and octave- 
band analyzers, to determine the actual sound pressure levels and frequency ranges 
to which the worker was exposed. 

Fluoroscope Meter: In connection with the study of radiation exposures in the 
healing arts, a “time-totalizer” was designed which could be connected to the office 
fluoroscope of the physician whose equipment was being surveyed. This instrument 
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recorded the actual time that the fluoroscope was generating radiation and also 
recorded the number of times that the tube was turned on. 


OTHER TECHNICAL SERVICES 


Employee Health Services.—As part of the Branch’s continuing effort to develop 
information that will facilitate the establishment and expansion of employee health 
services, two research projects were carried out last year under contract by the 
Universities of Michigan and Pittsburgh. The first focused on the development 
and testing of methods to determine the cost to the employer of employee illness 
and injury, while the second project involved the development of comparable 
methods to determine the actual costs to management of providing health services 
to employees. By being able to determine the cost of employee sickness and injury 
and the cost of providing health services, a businessman may be in a better position 
to judge the desirability of a health program for his employees. 

A study was also developed to determine what industrial management thinks 
and does about in-plant health services. This study is now being conducted in five 
metropolitan areas from coast to coast—Bridgeport, Cleveland, Houston, Phila- 
delphia, and San Francisco. Within those cities chemical manufacturers, machinery 
manufacturers, department stores, hospitals, and many other types of establishments 
are being contacted. Firms chosen in the sample cover the whole range of size, 
from those employing 50 to those employing many thousands. 


Top management officials will be interviewed on their attitudes toward setting 
up and operating health services. Physicians or nurses in charge of health services 
also will be interviewed on the details of operating the service as well as its 
use and need. 


Evaluation of the Silicosis Problem—The continuing interest in silicosis led 
last year to the collection of data to determine the nature and extent of the current 
problem. Information covering the five-year period 1950-1954 is being obtained from 
workmen’s compensation agencies on claims and compensated cases of silicosis, 
from State industrial hygiene agencies performing routine x-ray examinations of 
workers in dusty trades, and from hospital and vital statistics records. Some 20 
States will be covered in the search for data. The results of this study will help 
to answer such questions as 1. What are the extent and characteristics of the 
current silicotic population? 2. Is a significant number of new cases developing 
among workers entering dusty trades in the last 15 years? 3. What aspects of the 
problem need further study ? 

Other Activities —The scientific work of the Branch was put to practical use 
through a broad spectrum of service activities. These ranged from formal training 
courses to the technical editing of a new “Encyclopedia of Instrumentation,” being 
compiled in cooperation with the University of Michigan. A continuing important 
activity of the Branch is assistance to state and local occupational health agencies. 
This involves direct assistance in many ways, from aid in program planning to 
the loan of personnel. 


Training: In the training field, in addition to an annual two-week course 
attended by industrial hygienists from the United States, Canada, and South 
America, persons from States or foreign countries were given intensive orientation 
in the operation of the Cincinnati laboratories. Members of the staff also lectured 
at a number of institutions. 
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Cooperative Efforts: The Branch continued cooperative efforts with various 
professional organizations in promulgating and furthering the principles and prac- 
tices of good occupational health. During the year the American Medical Association 
presented the Distinguished Service Citation to the Occupational Health Program 
“in appreciation for outstanding contributions to the advancement of Industrial 
Health.” The award was given during a testimonial dinner held by the A. M. A. 
Council on Industrial Health for the Branch and its past and present directors. 


PUBLICATIONS 


To make the results of the Occupational Health Branch’s research available 
to the public, the following articles and reports were published: 


Birmingham, D. J., and Campbell, P. C., Jr.: Occupational and Related Dermatoses, Abstracts 
from the Literature, July, 1943, to December, 1953, Inclusive, Publication 364, Public Health 
Service, U. S. Government Printing Office, Washington, D. C., 1954. 

Doyle, H. N., and Noehren, T. H.: Pulmonary Fibrosis in Soft Coal Miners: An Annotated 
Bibliography on the Entity Recently Described as Soft Coal Pneumoconiosis, Publication 
352, Public Health Service, U. S. Government Printing Office, Washington, D. C., 1954. 

Trasko, V. M.: Occupational Health and Safety Legislation: A Compilation of State Laws and 
Regulations, Publication 357, Public Health Service, U. S. Government Printing Office, 
Washington, D. C., 1954. 

Birmingham, D. J.: Alterations in the Skin Physiology Following Continuous Use of Soaps and 
Detergents, J. Soc. Cos. Chem. 6:3, 1955. 

Holaday, D. A.: Alpha Hazard Monitoring Instruments, Am. Indust. Hyg. A. Quart. 16:60, 
1955. 

Hosey, A. D.; Jones, H. H.; Marsh, O. C., and Gallaghar, R. G.: Automatic Sampler, Recorder, 
Nucleonics 12:52, 1954. 

Paulus, H. J.; Floyd, E. P., and Byers, D. H.: Determination of Sulfur Dioxide in Atmospheric 
Samples, Am. Indust. Hyg. A. Quart. 15:277, 1954. 

Saltzman, B. E.: Microdetermination of Cobalt in Biological Materials, Analyt. Chem. 27:284, 
1955. 

Saltzman, B. E.: Motor-Driven Syringes for Micro-Metering of Gases, Am. Indust. Hyg. A. 
Quart. 16:121, 1955. 

Stokinger, H. E.: Recent Development in the Industrial Toxicology of Vanadium, Transactions 
Bulletin 28, Industrial Hygiene Foundation of America, Pittsburgh, Pa., 1954. 


Stokinger, H. E.: Threshold Limits for Gases, Am. Indust. Hyg. A. Quart. 16:35, 1955. 


Stokinger, H. E.: Standards for Safeguarding the Health of the Industrial Worker, Pub. 
Health Rep. 70:1, 1955. 


Trasko, V. M.: Industrial Hygiene Milestones in Governmental Agencies, Am. J. Pub. Health 
45:39, 1955. 


Tsivoglou, E. C., and Ayer, H. E.: Ventilation of Uranium Mines, A. M. A. Arch. Indust. Hyg. 
10: 363, 1954. 


Yaffe, C. D.: A Study of Industrial Noise and Hearing Loss in a Controlled Population, Pub. 
Health Rep. 69:815, 1954. 

Yaffe, C. D.; Paulus, H. J., and Jones, H. H.: Preparing Dust Samples for Microscopic 
Examination: Notes on a New Method, Am. Indust. Hyg. A. Quart. 15:206, 1954. 


Zavon, M. R.: Protection in Radiology, read before the American Society of X-ray Technicians, 
Boston, Mass., June, 1955. 
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General 


CoaLMINERS’ Pensions. Isapet Craic, Internat. Labour Rev. 71:255-272 (March) 1955. 


Coal miners have long been eligible for relatively liberal pensions, because they are engaged 
in an arduous and hazardous occupation essential to the national economy. The article gives a 
brief general description of the present situation in 16 countries and presents in table form 
details on old-age pensions, general invalidism pensions, and widows’ pensions in 8 countries 
including the U. S. A. Increased productivity in mining, together with gradual contraction in 
the market for coal, may have far-reaching implications for the financing of special programs 
providing miners’ pensions. The future of such programs depends not only on the possibilities 
of the mining industry but also on national economic and social policies. 


FrANz GoLDMANN, M.D., Boston. 


CONTRIBUTION TO THE STUDY OF THE EMPLOYMENT OF WOMEN IN THE PUBLIC TRANSPORT. 
D. Davivovic-MiLovanov, Arch. mal. profess. 16:300-319, 1955. 


From time to time the claim has been advanced that employment on public transport is 
harmful for women. Hence the present inquiry in which animals and women were studied. In 
order to imitate the vibrations of public vehicles, special cages were kept moving up and down 
40 times every minute for eight hours a day, and white mice were kept in them. One male mouse 
was admitted to four females among the mice shaken up and among the mice acting as controls. 
The sexual life of the mice was especially studied. Among the test mice the oestrus came later ; 
the duration of pregnancy was shorter; pregnancies were less numerous and ended before term; 
and the number of dead in a litter was greater. In fact, the exposure to vibrations tended to 
interfere with the female organs. 


Next, women employed in the public transport service, on trolley bus, tramway, and motorbus, 
were studied. Attention was paid to the onset of puberty, the monthly cycle, pregnancies, mis- 
carriages, and gynecological health. Conductresses had more than usual irregular menstruations, 
more troubles with their pregnancies, fewer pregnancies, and also more miscarriages. The 
conductresses experienced more inflammations and deviations of the uterus than control women, 
and the number of gynecological troubles increased with years of service. The conclusion arrived 
at is that, although women do experience more than usual “female” troubles when employed in 
the public transport service, owing to vibration and noise, there is not sufficient trouble to call 
for any interference with the employment of women, but considerable care should be taken in 
the selection of women for this service. Where possible, vibrations should be minimized. Rest 
rooms should be provided at the end of the stages, with hygienic accommodation. It would be 
an advantage to arrange a change of posture for the conductresses while on journeys. Seats, 
where possible, are recommended. Systematic research by industrial specialists into the service 
should be initiated. Couns. 


Work oF THE INstITUT pes Mines (BELGiumM) DurinG THE YEAR 1954. A. Hovu- 
BERECHTS, Ann. Min. Belg. No. 3, 38 pp., 1955. 


This report gives only a short summary of the research work carried out. Most of the more 
important work has appeared in separate articles. The first part deals with medical research; 
pneumoconioses have been studied by radiography of several groups of miners employed at 
different collieries. Some of the groups have been examined two or more years previously, so 
the progress of the condition could be followed; but the tendency of the men to move from one 
mine to another interfered with the research, making it difficult to obtain a sufficiently large 
number of men for reexamination. 

No striking facts emerged. Some fine dusts exert a constricting influence on the air passages, 
which can be counteracted by inhaling pneumodilating aerosols. Such aerosols seem to be of 
more value for individual cases than for group administration. A good deal of research was 
done on the effect of high temperatures in mines upon productivity. The heart action of miners 
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after at least five years in hot mines was compared with others. The miners seemed to become 
used to the temperatures found in Belgian mines. Neither heart action, productivity, nor accident 
frequency were definitely affected. Particular attention was directed to a recurrence of ankylo- 
stomiasis, which had nearly disappeared. Whereas only 8 cases were heard of in 1953, during 
1954 no less than 54 cases were discovered; 36 of the cases were in Italians; only 11 were in 
Belgians. Steps are being taken to abolish this disease, as well as to treat it with tetrachloro- 
ethylene; as this drug is toxic, the treatment should be given in hospital. Inquiry failed to 
establish that Belgian miners experienced any greater incidence of chronic rheumatism than 
other men doing heavy work. But advantage might be gained by teaching them not to adopt 
bad postures at work and by so improving places of work that such postures are not required. 
Search was also made for cases of the syndrome of Caplan, wherein chronic polyarthritis occurs 
in association with pneumoconiosis; such cases seemed to be mere ceincidences. 

The last part of the report deals with engineering efforts to control dust underground. 
Attention is directed to a new method of injecting water into the coal seams. The use of 
respirators was studied, and the value of ventilation in deep mines. The need for cooling 


underground workplaces was recognized. 2. Cam 


INDUSTRIAL MEDICINE IN SMALL Factories. J. CHAUDERON, Maroc méd. 33:714-720 (July) 
1954. 


Industrialization in Casablanca and the rest of Morocco finds a population quite unused to 
regular hours at regular employment. Factories of a reasonable size are few, and there are many 
small, insanitary workshops where some 10 to 15 persons may be employed without any attempt 
at industrial hygiene. Here the introduction of industrial medicine is surrounded with difficulties. 
Before the answer to a Wassermann test or to an x-ray of the chest car be obtained for some 
preengagement examination, the seeker for work has just disappeared. The need for some action 
is great. Hence there is room for industrial hygiene, which may be the means of introducing 
sanitation to the people. An industrial worker, once trained, may be kept healthy, and through 
him hygiene may be introduced to his home. 

Small workshops by combining together may afford all the advantages accruing from 
industrial medicine. At least one such combination is under way in Casablanca, and 30 small 
places employing between 2000 and 3000 persons all told have started. The work carried on 
includes measures relating to a number of health hazards concerned with noise, dust, glass 
making, tanning, rubber hardening, old iron galvanizing, and making insecticides. Medical 
services are concerned with engagement of workers and three-month supervision of young 
persons under the age of 18. A good examination is demanded, since a poor one may only be 
dangerous in giving a sense of false security. As many as 6000 engagement examinations have 
been made; 38 cases of tuberculosis have been found; antisyphilitic treatment has been given 
to 30%; and plumbism has been detected. Throughout, the service is preventive, not for 
treatment. Treatment belongs to outside medical services. 

The industrial physician should be so familiar with the factory as to be considered a part 
of the staff. He must be thoroughly up-to-date in his knowledge of his subject and so bring to 
the worker in some small Moroccan factory the benefit of recent scientific information. So far 
the example set by France has been watched by the Moroccan authorities who are finding that 
the country has its own problems to be solved in its own way. There should be a great future 
for the industrial physician serving a combination of small factories. et Coun. 


Physiology and Nutrition 


ALTERATIONS IN DarK ADAPTATION AS A FuNcTION oF Ace. R. A. McFarLanp Anp M. B. 
FisHer, J. Gerontol. 10:424-428, 1955. 


Various physiological factors are known to influence dark adaptation. Since changes in 
cerebral circulation and in the oxygen transport system are believed to accompany increasing 
age, limitations in dark adaptation may be expected to occur in older persons. In a preliminary 
study 200 men between 20 and 60 years of age were tested on the Hecht-Schlaer adaptometer, 
with pupil size controlled. The mean levels of final adaptation for five age groups showed a 
regular increase with age, and the intensity of illumination required by the group 40-47 was 
about 150% greater than that required by the youngest age group. In the second part of the 
experiment additional subjects were tested, particularly those under 24 years of age and those 
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over 47. Final adaptation levels were calculated for all subjects and correlated with age. The 
coefficient obtained was 0.895, and from the data it was estimated that for each increase of 13 
years in age the intensity of illumination must be doubled for a light to be just seen. The 
rate of dark adaptation was approached by a graphic method based on the characteristics of’ the 
dark adaptation curve. The rate was not found to bear a linear relationship to age. The limitation 
in ability to see at night is quite marked in older subjects, and the experimental findings may 
help to explain the difficulties persons over 55 or 60 may experience in driving or flying at 
night. The changes in dark adaptation are believed to be related to certain basic physiologic 
functions in the nerve cells of the retina and brain. tee Aurmees’ Summary. 

THERMAL SENSATIONS OF WORKERS IN Licut INDUSTRY IN SUMMER: A FIELD Stupy IN 

SouTHERN EnGianp. D. E. Hickisu, J. Hyg. 53:112-123 (March) 1955. 


Some 2000 workers engaged in light or secondary activity in five factories and a postal 
sorting office in southern England were questioned during the summer months regarding their 
subjective thermal sensations, and their replies were interpreted on a scale of standard sensations 
enabling an assessment to be made of thermal comfort. Concurrently environmental measure- 
ments were made in the immediate vicinity of the workers. 

The comfort zone was defined by those temperatures at which at least 80% of persons were 
comfortable, comfortably warm, or comfortably cool. A linear relation between thermal sensation 
and dry-bulb temperature was found up to 75 F. Above 75 there was an abrupt increase in slope. 
It is suggested that the onset of sweating, which would be expected at 75 F and above in subjects 
wearing light summer clothing, would account for the abrupt change in sensation from comfort 
to discomfort. Regression constants relating thermal sensations to thermal conditions are stated. 
Optimum conditions for comfort were 75 F dry-bulb temperature, 70 F effective temperature, and 
71 F corrected effective temperature. 


Postal workers wearing regulation uniform required conditions slightly cooler than factory 


workers wearing clothing of their own choice. Male and female factory workers do not require 
different thermal conditions, provided that they have personal freedom in their choice of clothing. 


BarBARA TREDRE [Butt. Hye.]. 


Occupational Diseases and Hazards 


Curonic Putmonary Berytiosis. P. A. THeopos, H. Briecer, and R. T. Catucart, J. A. 
M. A. 158:1428 (Aug. 20) 1955. 


The interesting case is described of a 30-year-old man who developed dyspnea and cough 
in 1952. His occupational history revealed that nine years earlier he had spent four months 
mixing chemicals including beryllium. He left this job because of the development of a 
generalized rash and swelling of the joints. 

The investigation of the case is reported, and the claim is made that a “definitive diagnosis” 
can be made from a lung biopsy specimen, because “the histological findings are sufficiently 
specific to permit identification if an adequate piece of lung tissue can be obtained for study.” 

In the abstractor’s opinion this has not always been the experience in other centers where 
competent pathologists have on occasions been unable to distinguish between Boeck’s sarcoid 
and berylliosis. (Berylliosis, a term coined by Fabrioni in 1935, is the more usual spelling.) 
The suggestion that it might be possible to recover beryllium from lung biopsy specimens is 
therefore an important one. This has been done and has become a routine procedure for a 
number of years in several centers. 


Owing to the difficulty of establishing a definitive diagnosis, it is suggested that the history 
of exposure to beryllium, the existence of a granulomatous process in the lung, the presence 
of beryllium in the lung, and, in the opinion of some, a positive reaction to beryllium skin 
tests are all important diagnostic features. CurisToPHER Woon, Boston. 


MANGANESE PoIsONING IN Moroccan Miners. J. Ropter, Brit. J. Indust. Med. 12:21-35, 
1955. 


Mn poisoning in 150 Moroccan Mn miners comprised pneumonopathies and a neurological 
syndrome progressing inexorably and irreversibly. Therapy thus far is merely palliative. How- 
ever, Ca versenate, which fixes Mn in a nontoxic and readily excreted form, may perhaps prove 
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useful in early stages. Prophylactic industrial hygiene measures should keep the number of 
Mn-containing dust particles less than 5# in size down to 1500 per cubic centimeter of air and 
the Mn content of the air down to 100 mg/cu. m. Legal aspects of compensation are discussed. 


Cuem. ABsTR. 


EMPHYSEMA AND PROTEINURIA IN MEN CastiInG Copper-Capmium ALtLoys. J. A. BoNNELL, 
Brit. J. Indust. Med. 12:181-197 (July) 1955. 


In two factories producing cadmium-copper alloys, 100 men who had been exposed to cadmium 
were examined. Of these, nine had emphysema and proteinuria; three had emphysema without 
proteinuria; and seven had proteinuria without emphysema. The diagnosis of emphysema was 
made on clinical and radiographic evidence supported by evidence of impairment of respiratory 
function. The type of emphysema which develops differs from chronic hypertrophic emphysema in 
that the cadmium-induced emphysema may have a narrow zone of normal lung tissue under the 
pleura and there are no emphysematous bullae at the periphery of the lungs. Rarely in the 
cadmium cases does cough precede the development of dyspnea. 

The low molecular weight protein previously described in the urine after chronic cadmium 
exposure was found in 19 men. This protein is precipitated by 25% trichloroacetic acid, is a 
globulin, and has a molecular weight in the range 20,000 to 30,000. 

Less significant symptoms attributed to cadmium exposure were (1) soreness of the nasal 
mucous membrane accompanied by a watery discharge from the nose ,which would cease shortly 
after leaving work, and (2) metal fume fever attributed to cadmium. No appreciable differences 
between the exposed and the control groups were found in the determination of hemoglobin, 
hematocrit, or erythrocyte sedimentation rate. 

Data presented in this paper fail to show any constant relationship between the quantity of 
cadmium excreted in the urine and the severity of the poisoning. Measurable quantities of urinary 
cadmium were found as long as 10 years after exposure to the metal had ceased. 

All men showing symptoms due to cadmium had been exposed more than 5 years, and 13 had 
been exposed more than 15 years. No estimate of the amount of air-borne cadmium fume or dust 


necessary to produce the symptoms described could be made. Susewan S. Piro. Denver 


EPIDEMIOLOGICAL Stupy OF Byssinosis AMONG LANCASHIRE Cotton WorkKeERs. R. S. F. 
ScHILLING, J. P. W. HuGues, I. DincwaLu-Forpyce, and J. C. Gitson, Brit. J. Indust. 
Med. 12:217-227 (July) 1955. 


Byssinosis is a respiratory disease occurring among workers engaged in cleaning and spinning 
raw cotton. It is characterized by a tightness of the chest and breathlessness noticed initially on 
the first day back at work after an absence. As the disease progresses, the symptoms gradually 
extend to all working days. Diagnosis is made primarily by history of chest tightness or breath- 
lessness. Physical examination and chest x-rays are of littie help in making the diagnosis. One 
test, the maximum voluntary ventilation rate (the volume of gas expelled during the first 0.75 
second of a forced expiration), was found to be very useful in evaluation and measuring the 
respiratory difficulty caused by byssinosis. 

Twenty-eight cotton spinning mills were studied, which had a total employment of 3933 men 
and 6624 women. Of this group it is estimated that 23% of the men and 33% of the women were 
exposed to the risk of developing byssinosis. In this study the mean induction time for development 
of byssinosis in men was found to be 16.7 years. 

The epidemiological pattern of the cases found showed that the prevalence of the disease was 
inversely related to the distance of the working groups from the carding engines. From this 
fact the suggestion is made that the disease should be investigated by studying the relationship 
between concentrations of the various types of dust in mills with stable populations. The exact 
etiology of byssinosis is obscure, since the causative agent and its mode of action are unknown. 


SHERMAN S. Pinto, Denver. 


EFFEcT OF CoRTISONE ON ESTABLISHED SILICOTIC FIBROSIS IN THE LuNGs oF Rats. E. J. 
Kine, C. V. Harrison, and DAPHNE ATTYGALLE, Brit. J. Indust. Med. 12:228-232 (July) 
1955. 


Rats were injected with 50 mg. of powdered quartz intratracheally, and cortisone injections 
were started 100 days later. Cortisone was administered for 265 days. Cortisone did not alter 
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the pattern of fibrosis or bring about any regression of existing silicotic nodules. However, the 
cortisone-treated animals did show slightly less total lung involvement at the end of the year. 


SHERMAN S. Pinto, Denver. 


Leprosprrosis 1N SoutH-East Scortanp: A Report oF TWENTY SEROLOGICALLY CONFIRMED 
Cases. P. N. EpmMunps and J. Dick, Brit. J. Indust. Med. 12:233-236 (July) 1955. 


In this study of 20 cases of leptospirosis, 14 cases were caused by Leptospira icterohaemor- 
rhagiae and 6 by Lept. canicola. Three of the Weil’s disease cases died. Symptomatology common 
to the leptospiroses as a whole was fever of over 100 F, usually with rigor at the onset, moderate 
to severe headache, vomiting, increase in erythrocyte sedimentation rate, muscular pains, and 
injection of the conjunctival. Jaundice and hemorrhagic tendency were seen more frequently 
in Weil’s disease, meningeal signs more frequently in Lept. canicola fever. Blood serum 
agglutinin titers always exceced 1 in 1000 or more. Penicillin was given in 13 cases, but in 
only 1 case was its administration followed by improvement. In this one case the improvement 
may have been coincidental. 

Details are given of incidence according to occupation, age, sex, locality, and season. 


SHERMAN S. Pinto, Denver. 


Cuttinc O1rs ANp Carcinoma: I. INCIDENCE IN A PLANT WITH A REPORT 
or Six Cases. Ernest MAsSTROMATTEO, Brit. J. Indust. Med. 12:240-243 (July) 1955. 


Six cases of squamous-cell carcinoma and one of papilloma in workers of a single machine- 
operating plant are reported. The average age at onset was 51, and the average period of 
exposure was 21 years. The exposed skin of the hand and forearm constituted five of the six 
cases of carcinoma, and because of the long-continued occupation’ as a machine operator, 
exposure to cutting oil is considered to be an important etiological factor. 


SHERMAN S. Pinto, Denver. 


Cutting anp Sguamous-Cett Carcinoma: II]. AN EXPERIMENTAL STUDY OF THE 
CARCINOGENICITY OF Two Types or CuttinG Ors. J. P. Gi-man and S. D. VESSELINO- 
vitcn, Brit. J. Indust. Med. 12:244-248 (July) 1955. 


Two cutting oils were studied: (1) a stable oil-in-water emulsion containing active additives, 
about 45% sulfurized mineral oil base and 40% water, and (2) a sulfurized mineral oil blended 
with fatty oils. The oil-in-water emulsion produced skin carcinoma in from 19% to 61% of 
three different strains of mice after 310 days’ exposure. Dilution of the oil 1:8 caused a reduction 
in the percentage of mice bearing tumors and an increase in the induction period. Limited 
testing of the straight cutting oil suggested this material is also carcinogenic to the mouse. 


SHERMAN S. Pinto, Denver. 


RueumatisM IN Coat Miners: III. Occupatrionar Factors. J. S. Lawrence, Brit. J. Indust. 
Med. 12:249-261 (July) 1955. 


This section of a continuing study is an evaluation of many possible factors responsible for 
the observed increase of intervertebral disc degeneration and osteoarthritis among coal miners. 
For comparison, a group of dock workers doing heavy lifting was also studied, and a group of 
men doing light manual labor. 

In both mining and other manual work a close relationship was found between the 
duration of heavy lifting and disc degeneration. Incapacity for work was found to increase as 
the duration of heavy lifting increased and was four times as great among those who had lifted 
for more than 30 years a» it was among those who had lifted for less than 25 years. Injuries 
to the back, such as blows and strains, are also closely related to disc degeneration. Working 
under wet conditions produced more cases with back-hip sciatic pain than similar work under 
dry conditions. 

Those miners who stooped most were most severely affected, but other factors, such as body 
weight, length of back, and evidence of old rickets, were also associated with a greater degree 
of incapacity. 

Osteoarthritis of the knees was most closely associated with injury and not with kneeling, 
height of seam, distance walked, or heavy lifting. 


SHERMAN S. Pinto, Denver. 
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DISAGREEMENT BETWEEN OBSERVERS IN AN EPIDEMIOLOGICAL STUDY OF RESPIRATORY DISEASE. 
R. S. F. Scuitirne, J. P. W. Hucues, and I. Dincwati-Forpyce, Brit. M. J. 1:65-68 
(Jan. 8) 1955. 


Two observers interrogated 275 men, 187 of whom were cotton workers, on two occasions, 
separated by an interval of four months, and carried out a clinical examination of the chest. 

There were considerable differences between the frequency with which respiratory symptoms 
and abnormal physical signs were found by the two observers. The differences observed were 
not merely random; it was shown that the observers were biased in the frequency with which 
they found abnormalities. Thus, one observer considered that 77 of 183 cotton workers were 
breathless on exertion, but the other found that only 39 were breathless. There was, however, 
good agreement on the diagnosis of byssinosis, though there was a disagreement in assessing 
its severity in 24% of cases. In the objective measurements, blood pressure readings showed no 
obvious observer bias, but for chest measurement there was a definite suggestion of bias. 

The authors point out that disagreement between observers is of considerable importance 
in epidemiological studies which depend upon single observations of signs and symptoms of 
respiratory disease. In this study one observer would have reported a higher incidence of 
abnormalities than the other. In all such investigations the effects of observer variability upon 
the results of a study should be investigated. C. M. Fiercuer (Butt. Hyc.]. 


TREATMENT OF CHRONIC LEAD-PoIsONING witH CaLciIuM Dtsopium Versenate. A. C. 
Markus and A. G. Spencer, Brit. M. J. 2:883-885 (Oct.8) 1955. 


Calcium disodium versenate (calcium disodium ethylenediamine-tetraacetic acid) is a syn- 
thetic chelating agent which removes lead from the body by the formation of a soluble nonionized 
lead complex which is excreted in the urine. The lead chelated is considered to be that present 
in the soft tissues and circulating in the body. When this lead has been excreted, other lead 
held more firmly in the bones takes its place and is chelated in its turn by a second dose of 
the versenate. This drug was used in treating three cases of chronic lead poisoning which came 
under notice from the same factory and which were caused by vitreous enameling. Two four- 
day courses of versenate were given, separated by two rest days. The versenate was given 
intravenously as 2 gm. dissolved in 1 liter of isotonic saline over nine hours. Parathormone 
was given during the second course but without advantage. The versenate caused a sharp 
increase of lead in the urine; headaches, tremor, and colic were rapidly relieved. A return of 
colic was relieved in 30 minutes by restarting the versenate drip. An excess of urinary copro- 
porphyrin disappeared. The calcium salt of the versenate is used, as the versenate alone might 
chelate the body calcium and cause hypocalcemic tetany. No toxic effects were observed. (No 
reference is made to the extent of the exposure to lead that the patients had experienced.) 


Costs. 


PutmMonary DisEASE IN RELATION TO METALLIC Oxipes. K. M. A. Perry, Lancet 2:463- 
469 (Sept. 3) 1955. 


The facts presented are grouped under two headings: first, according to the metallic dusts 
which gain access to the lungs and, then, according to the pathological results which follow. 
The heavier metals, the dusts of which throw x-ray shadows, the density of which varies with 
the atomic weight of the metals, tend to be inert. Barium peroxide and oxide of iron are 
examples. Damages: attributed to oxides of iron are generally due to other accompanying dusts, 
such as silica. But hot fumes generated in welding iron will irritate the lungs, causing a benign 
pneumoconiosis. The same may be said of stannosis due to oxide of tin. Argyrosiderosis due to 
silver dusts is very similar; it is free from fibrotic changes. The oxides of manganese, beryllium, 
vanadium, and osmium are different; all cause chemical pneumonia. But chronic manganese 
poisoning is better known for causing disorders of the central nervous system, such as parkin- 
sonism. Still, figures are quoted to establish the high incidence of pneumonia among workers 
exposed to manganese dioxide dust. Vanadium pentoxide may set up acute bronchitis, and the 
same may be said of osmium tetroxide. Beryllium has recently been blamed in America for 
causing serious pneumonitis, even among those living near a factory where beryllium was being 
used as a valuable metallic alloy. The resulting condition is named beryllium sarcoidosis, and 
it may develop years after exposure. It is claimed that cadmium dioxide sets up an unusual 
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form of central emphysema, associated with impairment of respiratory function. Observers 
disagree about alumina, oxide of aluminum. Some have claimed it to be beneficial in preventing 
silicosis when mixed with silica; others have described extensive fibrosis with profound 
emphysema and bronchiectasis resulting from exposure to fumes of bauxite and silica. 
Pulmonary carcinoma has been attributed to various dusts, in particular to pitchblende and 
radium when mining. The radioactivity of the dust has been blamed, and so has its arsenic 
content. Certainly other dusts with no radioactivity but containing arsenic, as in the preparation 
of arsenical sheep-dips, have been found associated with a high incidence of pulmonary carcinoma. 
Probably both in their turn are carcinogenic. The same may also be true of monochromates. 
Arsenic in cigarette fumes may account for the excess of lung cancer in smokers. The conclusion 
of the matter is that the air we breathe should be free from all forms of contamination, whether 
as dusts or fumes, particular attention being directed to the harmful effects of atmospheric smog. 


E.. L. 


SomE Cases oF MICROTRAUMATIC ARTHRITIS OF THE ELBOW IN WorKERS Wuo Hap NEVER 
HanpLep Pneumatic Toors. E. Guytnor and R. M. Ducavguts, Arch. mal. profess. 
16 : 234-236, 1955. 


Four instances are quoted of men who through physically active lives, following such 
occupations as road making and navvy work, had subjected their elbow joints to repeated efforts 
which must have been traumatic, but they had never used pneumatic tools. X-rays disclosed that 
their elbows exhibited lesions similar to those which have been attributed to the frequent shocks 
arising from vibrations set going by the manipulation of pneumatic tools. The bony changes 
included extensive modifications of the articular surfaces, vacuoles in the head of the radius, 
numerous osteophytes around the joint, and ossifications in the triceps tendon. There was some 
limitation in movement, but no clinical symptoms. An explanation of the lesions is difficult to 


suggest. E. L. Co tis. 


INVESTIGATIONS INTO THE TALLY OF Dust ParticLes Depositep IN DIFFERENT PARTS OF THE 


Luncs WHEN BreatHinG Dusty Arr. A, Poticarp and A. Cotet, Arch. mal. profess. 
16: 239-242, 1955. 


The distribution of inhaled dust particles mostly depends upon observations made upon 
pneumoconiotic lungs. Chance brought under observation eight miners who died suddenly while 
at work; these men were not in any way affected by dust. Only particles of coal were noted; no 
other particles could be certainly noted. Size of particles was measured; they were grouped as 
up to 1.4, then on to 2.84, then on to 4.24, and lastly on to 7“. Most of the particles found in 
the bronchi and bronchioles were smaller than 2.84; practically all the particles in the alveoli 
were smaller than 2.84. Particles in the pleurae resembled in size those in the alveoli. Similar 
small particles were found in the cervical nodes. The observations seemed to indicate that 95% 
of the particles in the alveoli are less than 24; particles 2 to 44 form about 5%; the rest are 
negligible. These results confirm for healthy lungs the estimates made from pneumoconiotic 
lungs. Nevertheless, particles as large as 10 are found in diseased lungs; how they get there 


is a mystery. E. L. 


EXPERIMENTS BEARING UPON THE [pEA THat Gastric ULcers ArE FREQUENT AMONG CHROME 
Workers. M. Mosincer and H. Fiorentini, Arch. mal. profess. 16:363-365, 1955. 


A number of articles, which are quoted, comment on the occurrence of~-gastric ulcer among 
persons working with chrome compounds. A series of experiments are cited, in which guinea 
pigs, rats, and rabbits were given neutral potassium chromate orally, intravenously, subcutane- 
ously, intraperitoneally, percutaneously, or by inhalation of an aerosol. Administration continued 
over varying periods from one month up to one year. Sixty-six animals were used for the 
experiments. No case of a true chronic gastric ulcer was seen. Some cases of gastritis, esopha- 
gitis, or interstitial enteritis were found, but, on the whole, chronic ulcers did not occur, not 
even by ingestion of neutral potassium chromate administered over long periods. The suggestion 
is therefore advanced that other factors must be present when gastroduodenal ulcers have been 


observed among chrome workers. E. L. Costar. 
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COMPARISON OF THE SOLUTION OF SILICA IN VITRO AND IN Vivo. G. Foucauct and A. COoLLet, 
Compt. rend. Soc. biol. 149:507-509 (March) 1955. 


The accepted fact that silica dissolves in contact with aqueous solvents depends mostly upon 
observations made in vitro. Fine particles of silica in contact with living tissues may disappear 
not only by dissolving but by other paths, such as the lymphatics. In order to compare dis- 
solution in vitro and in vivo, a new method of observation was devised. Fine particles of silica 
from condensed fumes or particles below 2 in size from crushed quartz were mixed with a 
paste of collodion in small plates or hollow cylinders. Some of these collodion devices were 
introduced into the peritoneal cavity of rats and left for 21 to 34 days; others were kept for 
equal periods at 37 C in a medium of pH 7.4. The amounts of silica which had disappeared were 
then determined. No difference was noted, except a slight increase in the loss of silica in the 
in vivo observations; possibly the presence of protein matter in the living tissues accounted 
for this. Certainly when proteins are added in vitro, a similar increase in the amount of silica 
dissolved has been observed. The finer the particles of silica, the greater was the amount 
dissolved; otherwise no differences were detected in the two sets of observations. (See Scheel 


and associates, Bull. Hyg., 29:583, 1954.) e LL. Couste 


Industrial Toxicology 


Toxicity oF Sop1uM BOROHYDRIDE, TRIMETHYL BoRATE, LITHIUM BOROHYDRIDE, PoTAs- 
SIUM FLUOBORATE, AND Sopium Hypripe. CoLsorn T. BLartspELL, Chemical Corps 
Medical Laboratories, Army Chemical Center, 14 pp., March, 1955. 


The toxicity of sodium hydride and lithium borohydride is low. Sodium borohydride causes 
severe lesions on coming in contact with slightly moist skin. The intrinsic toxicity of potassium 
fluoborate is relatively low. Injury to the skin or penetration of the skin by either trimethyl 


borate or potassium fluoborate is negligibile. Winches Se. haste. 


MopIFICATION OF BERYLLIUM-INDUCED TissUuE DAMAGE IN MICE BY THERAPY WITH 
AURINTRICARBOXYLIC Acip. H. Lisco and Marcia R. Wuire, Brit. J. Exper. Path. 
36: 27-34 (Feb.) 1955. 


The experiments were performed on three groups of adult female mice. (1) Be only; each 
animal was given a single L. D.o/three-day dose of BeSO, intravenously; this was equivalent to 
177 Be per mouse. (2) Be as in (1) followed one hour later by 4 mg. of aurintricarboxylic acid 
(ATA) also intravenously. (3) ATA alone. The animals were killed at 12, 24, 48 hours, 7, 14, 
and 320 days after dosing, and the tissues were examined histologically. 

The necrotizing lesions were found to be identical with those described by other workers 
(Bull Hyg. 24:47, 1949; 25:929, 1950). ATA diminished liver damage in the early stages of Be 
poisoning and prevented further damage. Damage to the spleen, particularly vulnerable to Be, 
was reduced, although there was evidence of some restricted damage to the red and white pulp 
in the group treated with Be and ATA. Bone marrow was damaged in both groups of animals, 
although repair became complete in the Be+ATA group. On the other hand, Be damage to the 
kidneys was intensified by ATA, but the effect was generally transient and the kidneys appeared 
to be normal at 7, 14, and 320 days. ATA alone did not have any effect on the kidneys. The 
authors also demonstrated that a single 2 mg. dose of ATA was as effective as 4 mg. in protecting 


the liver and spleen from damage due to Be. D. G. Harvey [Butt. Hye.]. 


ANALYsIs OF LunGs oF Rats AFTER Exposure TO Dust FROM POLISHING OF ALUMINUM 
L. DéRopert, P. F. R. Martin, A. Rimsky, J. VACHER, and 
Y. VicuNnevsky, Arch. mal. profess. 16:108-109, 1955. 


In order to test whether a pneumoconiosis hazard existed in the polishing shop of a certain 
aircraft factory, six rats were placed permanently for eight months near the head of a workman. 
Histological examination of their lungs showed considerable abnormalities, enlarged lymph nodes, 
alveolitis, many macrophages, and in one case bronchopneumonia. Histochemical tests did not 
show any aluminum on the ordinary or ashed slides, but x-ray diffraction analysis of the lung 
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ash of the rats showed the presence of all the elements constituting the aluminum alloy and the 
abrasive used. 


It is concluded that the rats inhaled polishing dust which could be harmful and that adequate 
dust control at the working place would be necessary. G. Nacetscumipt [Butt. Hye.]. 


INVESTIGATIONS INTO BIOLOGICAL REACTIONS PRECEDING THE APPEARANCE OF CLINICAL 


Siens oF INDUSTRIAL PLumBism. H. C. ALBAnARY, A. Gaypos, and Gajpos- 
Torok, Arch. mal. profess. 16:185-196, 1955. 


The biological reactions to the introduction of lead into the body here studied were the 
blood pictures, including the number of red cells and of white cells, the number of basophilic 
red cells, the amount of coproporphyrin in the urine and of cellular protoporphyrin. The study 
was carried out on rabbits poisoned with acetate of lead and upon two groups of men exposed at 
work to definite and indefinite amounts of lead. The findings of the inquiry are presented in 
tabular form and are fully discussed. The conclusion is reached that no reliance can be placed 
upon any reaction except that of the appearance of basophilic red cells. Even here individual 
variations are great, so that no exact threshold can be fixed beyond which safety can be ensured 
or the contrary. But the appearance of basophilic red cells is the earliest and most frequent 
indication of lead absorption preceding any clinical signs or symptoms. The search for such a 
blood picture is simple and easy. Nevertheless, the industrial physician should not rely upon 
this reaction alone but should pay close attention to ordinary clinical examination in addition. 


E. L. Cottts. 


INVESTIGATIONS INTO THE TOXICITY OF SOLVENTS FOR REPLACING BENZENE: 
TOLUENE. 
215, 1955. 


Il. A Stupy oF 
R. Fasre, R. Trunaut, S. Lana, and M. Péron, Arch. mal. profess. 16:197- 


Toluene as a solvent has many of the properties of benzene, which might be expected as it is 
methyl benzene. Observers have claimed that its acute toxicity is greater than that of benzene. 
The reverse holds for its chronic toxicity. Here toluene does not seem capable of provoking 
serious blood disturbances, with anemia, leucopenia, and thrombocytopenia which characterize 
chronic poisoning by benzene. Some observers have doubted this, but the reason may possibly be 
that commercial toluene is not pure but contains high percentages of benzene. So experiments 
were carried out on rats and rabbits exposed to varying concentrations of pure toluene vapor 
for eight hours a day for six days a week over seven weeks. The findings, which are fully 
reported, indicate no alteration in the blood picture regarding red or white cells and no change 
in general health. Similar experiments with dogs gave similar results and also showed that the 
bone marow was in no way modified. In fact, toluene was found to be far less toxic than benzene. 
Findings with animals must be used for human beings with reserve; but they seem to indicate 
the value of substituting toluene as a solvent for benzene, subject to the reservation referred to 
above regarding impurities. 


E. L. Cottts. 


ExcrETION oF Benzoic Acip IN THE URINE 


AND Its BEARING UPON THE MAXIMUM 
MISSIBLE CONCENTRATION OF TOLUENE IN THE Arr. J. 


Arch. mal. profess. 16:216-220, 1955. 


PER- 
TEISINGER and J. Srpova, 


The matter under discussion is whether the amount of benzoic acid excreted in the urine can 
be taken as a measure of the amount of toluene vapor inhaled. Apart from difficulties in analyses 
which can be overcome, difficulties arise from individual personal reactions, differences produced 
by physical activity, which alters the rate of breathing and so the amount of vapor inhaled at 
any time, and the amount of the vapor inhaled, which may be exhaled again without being 
absorbed and so reaching the kidneys to be excreted. Fifteen persons were made to inhale 


vapor of toluene; the amount absorbed and the amount eliminated by the lungs were determined, 
as well as the amount of benzoic acid contained in the urine. The presence of 2.1 gm. of benzoic 
acid in the urine passed during 24 hours indicated that the man had been working in a concentra- 
tion averaging less than 200 cc/m*. As at a concentration of 200 ppm the elimination of benzoic 
acid is considerably above the normal, this concentration should be regarded as too high, and it 
should be reduced by one-half. At best the benzoic acid elimination should be used only when the 
urine is collected from a fairly large group. 


E. L. 
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COMPARATIVE VALUE OF ESTIMATING THE SULFATES AND PHENOL IN URINE FOR DETERMIN- 
ING THE CONCENTRATION OF BENZENE IN AiR. J. TEISINGER and V. FiSEROVA-BERGER- 
ovA (with collaboration of J. MENSrKovA), Arch. mal. profess. 16:221-232, 1955. 


The matter under investigation is whether estimation of the organic sulfates and phenol 
excreted in the urine may not be a better indication of harmful exposure to benzene in the air 
than direct calculations of the amount in the air. Normally the urine contains from 80% to 95% 
of mineral sulfates. The disintegration of benzene tends to increase the organic sulfates, so that 
the percentage of mineral sulfates may fall to 70 or even to 50 when benzene is present. Phenol 
is another product of the transformation of benzene. Considerable individual variations have been 
found in the capacity to absorb benzene and to metabolize it when absorbed. Urine analyses are 
compared with calculated amounts of benzene absorbed during work with exposure to benzene 
vapors and with observations on 26 persons exposed in the laboratory to known concentrations 
of benzene vapors. The findings are exhibited in a series of graphs. The sulfates test remained 
within normal limits until the concentrations of benzene inhaled reached 35 cc/m.* But this test 
should be regarded as a collective test carried out for a group of persons. It indicates with 
considerable probability that exposure at work has exceeded 35 cc/m.* The estimations of phenol 
are easier than for any reduction in mineral sulfates; when the phenol test is used as an individual 
indication, there is considerable probability that the presence of less than 40 mg. in a 24-hour 
sample of urine indicates that the person is employed in an atmosphere containing less benzene 
than the permissible limit. When the phenol is about 100 mg., the probability is that the person is 
being exposed to something near the permissible limit. Coun 


TOXICOLOGICAL INVESTIGATIONS INTO SOLVENTS FOR REPLACING BENZENE: III. A Stupy 
OF ISOPROPYLBENZENE OR CUMENE, R. Fasre, R. Trunaut, J. BERNUCHON, and F. 
LoIsILuier, Arch. mal. profess. 16:285-299, 1955. 


Two previous studies to find a substitute for benzene dealt with cyclohexane and toluene. 
Isopropylbenzene is another solvent built up on the benzene ring. Its chemical structure and 
physical properties are set forth. Investigations on toxicity in rats and rabbits are described. 
The animals were exposed for eight hours a day on six days a week for varying periods to inhale 
the vapor of isopropylbenzene. No alteration was found in the blood picture, except that with 
the rat the red cells tended to increase. The bone marrow was unaffected. The coagulability of the 
blood remained the same. No lesions were found in any organs of the body—only siight passive 
congestion of the lungs, liver, spleen, kidney, and suprarenals. The solvent, like benzene and 
toluene, was found to select certain organs, especially the endocrine glands, the nervous centers, 
and the bone marrow. It disappeared much more rapidly from the tissues of the rabbits than from 
the rats. Indeed, the rats displayed greater sensitivity to the solvent than did the rabbits. 

The study, based on the reactions of the animals used, suggests that isopropylbenzene, unless 
used at much higher concentrations than are likely to be encountered industrially, is less toxic 
than benzene, particularly with respect to the hemapoietic tissues, if man reacts in the same 
way as the animals. Some evidence indicated that isopropylbenzene is metabolized in the body 
and excreted as phenolic compounds in the urine. Cour. 


PREVENTION OF LEAD Potsoninc: A Stupy oF THE IMPORTANCE OF Contact. J. LEcocg 
and J. LeLay, Arch. mal. profess. 16:378-380, 1955. 


A study was made in a large factory near Paris where medical supervision was carried out 
of men employed in manipulating alloys containing from 0.75% to 95% of lead. Much dust was 
generated, which fell on the clothing, on the hands, and on the fleor. Four alloys were a 
copper-lead alloy containing 25% of lead, a complex alloy with 15% of lead, a third with copper, 
tin, and antimony containing 75% of lead, and a tin-lead alloy for soldering sticks, with 75% of 
lead. In all these mixtures the lead seemed to be so bound up with the other metals that it could 
not form soluble salts. The workers declined to take any precautions against lead poisoning. 
Examination of their hands disclosed much lead on the skin; but they were not careful to wash 
their hands before taking food. Notwithstanding plentiful opportunity for lead as such to gain 
access to the body, very few indications of any lead absorption appeared. A few basophilic red 
cells were found associated with work on soldering sticks. The absence of plumbism among the 
workers is the outstanding feature of this study. © 1. Corus. 
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Stupy IN VITRO OF THE ACTION OF SILICA ON THE ACTIVITY OF R1BONUCLEASE. H. DANIEL- 
Moussarp, Compt. rend. Soc. biol. 149:505-507 (March) 1955. 


Toxic agents often act by destroying enzymes. Experiments were carried out to ascertain 
whether silica exerted such interfering action upon the enzyme, ribonuclease. Recognition of the 
importance upon metabolism of the ribonucleic acids determined this choice. The procedure is 
described. It was performed with and without silica. The conclusion drawn is that, at any rate 
in these experiments in vitro, silica exerted no influence upon the activity of ribonuclease. 


E. L. Cottis. 


CLINICAL AND STATISTICAL Stupy oF E1GHty-Nine Cases or LEAD Potsoninc. F. GoBBaTo 
and G. Monarca, Rass. med. indust. 23:234-242 (July-Aug.) 1954. 


The incidence of lead poisoning is decreasing in Italy, and only 45 cases occurred in Naples 
among 5757 workers at risk during 1948-1950. But it is obvious that the progress which has been 
achieved in the hygienic conditions of the industries concerned has not yet completely eliminated 
the risks for lead workers. 


This paper deals with a series of 89 lead workers in Turin who suffered from lead anemia; 
45 were engaged on the filing of lead, 29 were lead founders, and the remainder included painters, 
printers, solderers, and others. Their anemia was normochromic in type (average Hb index of 
0.97) and medium in severity. The degree of anemia in these cases bore no relation to length of 
exposure to the risk, but whereas the 45 workers engaged on filing developed their anemia after an 
average exposure of 2.7 years, the founders had worked an average of 7.2 years and the others 
an average of 12.1 years before showing any signs of the condition. The severity of the disease 
showed no relation to age, though the older workers had undergone more years of exposure; 
indeed, the older workers tended to improve more rapidly than the younger subjects when 
removed from the hazard. 

Eighty-nine per cent of the subjects had a red cell count of less than 4,000,000, and lead 
anemia is obviously one of the important manifestations to look for early in the medical examina- 
tion of workers who have been exposed to the lead hazard. J. Cavent [Butt. Hye.]. 


ILLNEssEs CAUSED BY PHTHALIC AcID AND Its Compounps. E. W. BAAper, Arch. Gewerbe- 
path. u. Gewerbehyg. 13:419-453, 1955. 


The occurrence of many cases of illness in a phthalic acid factory directed the attention of 
the author to the subject. In this article he describes the processes of manufacture, from the 
raw material, naphthalene, to the crystalline phthalic anhydride, and the occurrence as reaction 
products of traces of maleic anhydride and naphthoquinone. Complaints were made by people 
in the neighborhood of the factory about the fumes and crystalline dust which escaped from 
the factory and affected people, animals, and vegetation; these complaints were investigated. 
An account is given of 14 workers in the factory who were admitted to the hospital at Hamm. 
The clinical findings were chiefly in the upper air passages and included atrophy of the nasal 
mucous membrane, sometimes with blood-stained discharge, anosmia, irritation of the larynx, 
hoarseness and cough, sometimes with blood-stained sputum ; conjunctival irritation was frequent, 
and bronchitis and emphysema were also found. Four typical cases are described, with details 
of history and clinical findings. The duration of employment with phthalic anhydride ranged 
from one to seven years. A danger of fire occurs during the process of manufacture, and three 
accidents, one fatal, are described. Observations are recorded from works physicians in other 
factories where phthalic anhydride was manufactured in various parts of Germany, in Austria, 
Belgium, and Holland; the experience in those places was generally similar to that in Westphalia. 


The literature on injury from phthalic anhydride is reviewed; the result of the review is to 
indicate irritating properties of phthalic anhydride by contact. Determinations of the concen- 
tration in the atmosphere of the factories have seldom reached definite conclusions. Kiihn] found 
in animal experiments that a concentration of 0.03 mg. per ltter (0.03 gm. per cubic meter) 
caused irritation of the conjunctiva and accepted this as the maximum allowable concentration 
for the atmosphere of workplaces. In one of the factories investigated by the author, where 
concentrations were under 0.025 gm. per cubic meter, the author and his assistant experienced 
unpleasant irritation of the mucous membranes, and Dr. Menschick, who accompanied them, 
had a severe attack of asthma. The conclusion is that the maximum allowable concentration 
(MAC) must be below this figure of 0.025 mg. per liter. Pupils in a school in the immediate 
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neighborhood of the factory suffered from irritation of the eyes when the wind blew from the 
factory toward the school; control of the concentration in the factory would probably remove the 
trouble. 

As a result of his observations the author sums up the clinical findings: irritation of 
conjunctiva, nasal mucous membrane, sinuses, laryngeal mucous membrane, with hoarseness ; 
irritation of the throat and upper air passages, with cough, sometimes with blood-stained 
sputum, which may lead to bronchitis; irritation of the gastric mucous membrane, with loss of 
appetite and weight; irritation of the skin; allergic symptoms, with asthma and urticaria; 
general weakness and cachexia. Workers with phthalic acid are also exposed to other poisons, 
including maleic acid, which causes irritation of the skin and conjunctiva, and naphthoquinone, 
which causes brown staining of the skin. 

Preventive measures suggested included protective clothing and gloves, but their use has 
the objection that the phthalic acid under them causes greater injury than on the unprotected 
skin; gas masks and goggles are apt to cause irritation through perspiration. The best protection 
is secured by perfectly functioning dust and fume extraction with regular air analysis of the 
workplaces. Selection of workers should exclude persons liable to catarrhal affections of the air 
passages, those with sensitive skin or gastric symptoms. In Linz workers are chosen from the 
age range 20-35. Medical supervision is necessary, and ample washing facilities should be 
provided. Illness due to phthalic acid and its compounds should be regarded as due to occupation. 


Further research on the subject should be carried out. E. L. Mippteron [Butt. Hye.] 


DANGERS TO HEALTH IN THE PRODUCTION OF PHTHALIC ANHYDRIDE. H. MENSCHICK, Arch. 
Gewerbepath. u. Gewerbehyg. 13:454-475, 1955. 


This article contains a detailed description of the manufacture of phthalic anhydride (PA), 
starting with naphthalene and using vanadium pentoxide as a catalyst and metallic mercury to 
control the temperature. The unpurified product contains naphthoquinone and maleic anhydride, 
both of which may be injurious. PA crystallizes in white needles or platelets. At 500 C it is 
spontaneously combustible in enclosed vessels, and there is risk of fire. 

The author had medical supervision for 20 months over 71 workers employed in a factory in 
Linz. The periods of employment varied from a few days to 20 months. From the 71 workers 


under observation 18 were selected in whom illness was noted, and these are described in detail. 
The most frequent cause of injury to health was from PA itself. It caused irritation of the mucous 
membranes, especially of the eyes, nose and throat, larynx, trachea, and bronchi; blood-stained 
secretion of the nose was frequent,and sometimes epistaxis occurred. With irritation of the larynx, 
persistent cough, especially at night, occurred; bronchitis, sometimes with blood-stained sputum, 
had been noted, but infiltration of the lung or reactivation of an old tuberculous focus had not been 
observed. The severe catarrh of the air passages appeared to be due to sensitization, and four 
cases of bronchial asthma were noted and, in addition, four cases of bronchitis. Changes in the 
blood were observed, with slight anemia in about one-third of the persons examined; diminution 
of thrombocytes, leucocytosis, eosinophilia, and increase of reticulocytes were also noted. Reduc- 
tion of the calcium and phosphorus values in the serum occurred during exposure to PA, with 
un excessive increase on removal from exposure. Dysproteinemia with increase of total protein 
was observed in eight cases. In the circulatory system resistance of capillary walls was lowered 
in 21 of 31 cases examined. Blood pressure was found to be lower in 41 of 43 men examined, 
when compared with that taken before exposure to PA; the depression appeared to be of central 
origin. In the nervous system states of excitation, restlessness, positive Chvostek’s sign, and 
increased reflexes were observed. PA is a skin irritant and causes burns, with necrosis, which 
heal with difficulty, and inflammation of the skin, pruritus, follicular dermatitis (PA-itch), 
and moist eczema. The work of cleaning the exhaust flues involved contact with liquid-containing 
quinones which caused brown staining of the deep layers of the epidermis. PA is certainly an 
antigen, causing true asthma and attacks of urticaria. Abdominal pains caused by PA are due 
to irritation and hypersecretion of the mucous membrane. Contact with vanadium pentoxide, 
which is used as a catalyst, has induced increased sensitivity; one worker had intense redness 
of the conjunctiva and severe catarrh of the pharynx and bronchi, which cleared up on removal 
from contact. Unspecific toxic manifestations appear among PA workers—abnormal fatigue, 
loss of appetite, headache, giddiness, abdominal pains, and lowering of the general condition. In 
the manufacture of PA risks from other substances are met with—CO, benzene, a cyanogen 


compound, mercury, maleic acid, and naphthoquinone. E. L. Mippteron [Butt. 
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EXPERIENCES OF THE CLINICA DEL Lavoro witH MAximMuM ALLOWABLE CONCENTRATIONS 
or INpustRIAL Poisons. E. C. Viciianr and Nicota ZurRto, Arch. Gewerbepath. 
u. Gewerbehyg. 13:528-535, 1955. 


During the last four years the Toxicological Laboratory of the Milan Clinica del Lavoro 
has carried out, by investigations at workplaces and by examinations of workers, an appraisal 
of the maximum allowable concentrations suggested by the American Conference of Govern- 
mental Industrial Hygienists (ACGIH). A table shows the 24 substances investigated by the 
Laboratory and compares the limits given by the ACGIH for the year 1954 and the findings of 
the Laboratory (MCL). Comments are given where two sets of limits show substantial 
differences. 


Alkali Chromate and Chromic Anhydride: ACGIH—0.1 mg/m.*; MCL—0.05 mg/m.? In 
a factory where average concentrations were 0.11-0.15 mg/m.%, injuries observed were ulcerated 
nasal septum, inflammation of larynx and conjunctiva, chronic bronchitis, and, within a period 
of exposure of three years, a cancer of the nasal septum and a cancer of the lung in a production 


department employing about 150 workers. 


Parathion: ACGIH—0.1 mg/m.*; MCL—0.0007 (TEPP) mg/m.* With the exception of 
TEPP, which can be produced in the pure state, phosphorus-containing insecticides are impure 
substances, and in the processes of manufacture the esterase-inactivating action is varied, so 
that it is better for toxicological purposes to estimate the cholinesterase-inactivating power ; until 
now the pseudocholinesterase was measured in the blood serum; perhaps it might be measured 
better in the red blood cells. From the results of their investigations in two departments for 
the production of TEPP and parathion, the authors took the MAC value for all insecticides 
containing phosphoric acid esters as 0.0007 mg/m.* pure TEPP, measured by the esterase- 
inactivating action, and as 0.07-0.12 mg/m.* parathion (produced by Firma Montecatini, Milano- 
Linate). 


Acetic Acid: ACGIH—10 ppm; MCL—20 ppm. In the manufacture of cellulose acetate 
workers employed for 7-12 years were exposed to average concentrations of 60 ppm of acetic 
acid and during one hour daily to 100-260 ppm, without evidence of general injury, apart from 
slight irritation of the air passages, stomach, and skin. Workers employed on manufacture of 
acetic acid from wine have been for long exposed to concentrations probably higher than 10 ppm. 
A concentration of 20 or even 30 ppm is regarded as without danger. 


Acetone: ACGIH—1000 ppm; MCL—500 ppm. Of workers exposed to 1000 ppm for three 
hours a day during 7-15 years, all showed chronic inflammation of the air passages, stomach, and 
duodenum and attacks of giddiness and asthenia; similar effects occurred with 700 ppm with 
three hours’ daily exposure to 1000 ppm; 0.2 mg. acetone was found in the expired air and 160 
mg. per liter in the urine; in the mornings the corresponding amounts were 0.03 mg. and 10 mg. 
Only on Monday mornings could no acetone be found in the expired air. A MAC of 500 ppm, 
therefore, seemed suitable. 

Ammonia: ACGIH—100 ppm; MCL—50 ppm. By measurements taken in the manufacture 
of ammonia, nitrate, urea, and illuminating gas, it was found that atmospheres containing 100 
ppm of ammonia could not be breathed for a long time without causing irritation of the upper 
air passages and the conjunctiva. Workers accustomed to 20 ppm made no complaint but showed 
redness of conjunctiva; those not accustomed complained of discomfort and irritation. 


Carbon Monoxide: ACGIH—100 ppm; MCL—50 ppm. Hundreds of analyses of the air in 
gas works and estimations of the CO Hb in the blood of 100 workers convinced the authors that 
workers accustomed to concentrations of 100 ppm of CO for eight hours daily suffered no marked 
injury to health. They had not found chronic poisoning at these concentrations. To avoid all risk 
of acute or chronic poisoning, 75 ppm was satisfactory. 


Nitrous Fumes: ACGIH—5 ppm; MCL—15 ppm (reckoned as 50% NO: and N.O,) if no 
ozone is present. In four factories for the manufacture of nitric acid by the catalytic process, 
concentrations of NO. averaged 30-35 ppm. The workers had been employed for many years and 
presented no signs or symptoms of injury. The authors regard 15 ppm as a reasonable limit 
when ozone is not present; with ozone, however, nitrous fumes form nitrogen pentoxide which 
is eight times more toxic than NO:. 
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Comments are added on general points regarding MAC values. To be accustomed to exposure 
is important with some substances, for example, CO, formaldehyde, ammonia, SOs, etc. In the 
case of poisons with specific modes of action or channels of absorption, such as through the skin, 
blood, or urine, it would be useful to include the MAC values in a separate column. 


E. L. Mrppieton [But Hyc.]. 


Lone TERM OBSERVATION OF CHRONIC BENZENE Porsontnc. K. REJSEK and Marte RejsKovA, 
Acta med. scandinav. 152:71-78 (July 29) 1955. 


Since 1931 the authors have examined 4538 workers exposed to benzene fumes; 10 of them 
experienced benzene toxemia. These 10 were watched for long periods after the benzene exposure 
had ceased. The condition of the marrow was examined by the pyrifer test. (Pyrifer is the name 
given to a suspension of killed nonpathogenic strains of Bacterium coli which when injected 
intravenously produces pyrexia.) The pyrifer test in cases of marrow inhibition, as in x-ray 
and radium exposure and benzene toxemia, affects the leucocyte curve. The curve is flat, whereas 
in normal healthy persons it is steep and rises to values from 12,000 to 20,000 leucocytes per 
cubic millimeter. Figures are given to show this manifestation. The exposure to benzene in all 
10 cases was proved (the concentrations are not stated). The patients exhibited serious hemato- 
logical changes, and eight were positive to the pyrifer test. Benzene was found in their blood 
and urine. One patient died, and one was cured. The others seemed clinically well but showed 
changes in the peripheral blood picture with different types of neutropenia. The ultimate 
prognosis for these patients, if no longer exposed to benzene, appears to be good under modern 


therapy. E. L. Gots. 


Medicine and Surgery 


REHABILITATION IN WORKMEN’S COMPENSATION. ALEXANDER P. AITKEN, Am. J. Pub. Health 
45: 880-884 (July) 1955. 


One of the most formidable roadblocks to the rehabilitation of the injured worker is the 
antiquated system of workmen’s compensation which places more emphasis on cash benefits for 
injuries suffered than on personal services for speedy recovery and, thereby, makes true rehabilita- 
tion of the injured impossible. To bring about changes in attitude, laws, and administration, 
“Operating Principles for a Modern Workmen’s Compensation System” were approved by the 
Board of Regents of the American College of Surgeons in November, 1954. These principles are 
discussed by the author, the chairman of the College’s Subcommittee on Industrial Relations 
which prepared the statement. They rest on the proposition that “rehabilitation of the injured 
worker and his return to gainful employment should be the basic concept in an improved work- 


men's compensation system FrANz GoL_pMANN, M.D., Boston. 


Environmental Conditions 


PitTsBURGH DEPARTMENT OF PuBLIC HEALTH, BUREAU OF SMOKE PREVENTION: REPORT, 
1954. S. B. Ery, SUPERINTENDENT, 20 pp., 1955. 


The history of successful campaigns against air pollution in Pittsburgh and other cities is 
briefly recounted. A digest of the Pittsburgh ordinance is presented. The United States Weather 
Bureau's smoke records are tabulated month by month, beginning with 1946. They show a 98.7% 
reduction of heavy smoke and an 85.8% reduction of total smoke from 1946 to 1954. There were 
four hours of heavy smoke in 1954. There have been no smogs in Pittsburgh in several years. 
Dustfall records are given in some detail. The reduction in dustfall is not so impressive as that 
in general air pollution, but an irregular but definite reduction is noted. The problem of dust from 
open hearths is discussed. It is hoped that through cooperative effort on the part of the steel 
companies a solution will be obtained before long. Carbon monoxide traffic tests show that all 
concentrations found were well below the danger point. Progress is reported in the use of 
satisfactory incinerators and in the substitution of gas for coal. Railroads have been dieselized to 


the extent of 88%. Inpust. Hyc. Dicest. 
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Determination of Air-Borne Contaminants 


Mortor-DRIvEN SyRINGES FOR MICRO-METERING OF GASES. BERNARD E. SALTzMAN, Am. 
Indust. Hyg. A. Quart. 16:121 (June) 1955. 


Constructional details are furnished for a motor-driven syringe for metering small quantities 
of corrosive gases. A synchronous motor and a clutch system permit injection of 50 ml. of gas 
in 7%4, 16, 28, or 58 minutes with a precision of a few parts per thousand. 


R. Boston. 


Basic PROBLEMS IN THE DETECTION OF MICROBIOLOGICAL AIR POLLUTION. ALEXANDER 
Goetz, Am. Indust. Hyg. A. Quart. 16:133 (June) 1955. 


Microbiological assays of aerosols are complicated by the concentrations of materials inhibitory 
to growth of micro-organisms, which in dilute concentrations do not disturb the viability pattern. 
The author points out that erroneously low bacteria counts may result from plate counts, owing to 
the presence of other atmospheric contaminants. A specific procedure is discussed, which converts 
the air-borne material into a liquid suspension in the presence of protective colloids prior to 
further concentration and nutrition on membrane filters. 


R. Dennis, Boston. 


Constant Flow Suction UNIT For AEROSOL SAMPLING WoRK. 
WitsuHrreE, Am. Indust. Hyg. A. Quart. 16:134 (June) 1955. 


A. C. Scumipt and L. L. 


The authors describe two types of motor-driven sampling pumps, one designed for a constant 
flow of 10 c. f. m. and the other for a variable flow (0-15 c. f. m.). Flow is regulated by vacuum- 
operated valves located ahead of the pumps. Performance tests indicate regulation to within 5% 
of desired flow for changes in filter resistance from 0 to 8 in. of Hg. 


R. Dennis, Boston. 


SAMPLING Pertops AIR PotLuTION EvALuATIONS. MAYNARD E, and Irvine A. 
Sincer, Contract (AT-30-2-Gen-16), Brookhaven National Laboratory, March 15, 1955. 


The analysis of a single typical case of air pollution taken from the Brookhaven oil-fog runs 
illustrates the fact that sampling periods are extremely important in air-pollution studies. It is 
clear from the data presented that errors of a factor of 10 or more may arise from the choice 
of improper sampling periods. Instrumental and location errors are seldom as serious as this. 
Caution is recommended both in the interpretation of field samples and in the prediction of con- 
centration values by means of diffusion parameters, because they are functions of time. The time 
scale that has to be considered depends completely on the particular problem. The use of power 
spectrum analysis promises to be of considerable assistance in the selection of the proper sampling 
periods. 


Nuclear Sc. ABSTR. 


MONITORING FOR Toxic Dusts AND Fumes. A. H. C. P. GILLteson, Atomics 6:15-18 (Jan.) 
1955. 


With the exception of mercury, toxic dusts are normally determined in the air by passing large 
volumes through filter paper and analyzing the deposit. In the case of beryllium this process is 
time-consuming, and results cannot be rapidly reported back to the factory. The author describes 
a modification of the Aughey continuous spectrographic method for lead, so that it can be used 
for rapid and continuous determination of beryllium. Development for use on other elements is 
still in progress. 


Inpust. Dicest. 


SMALL AMOUNTS OF METHYL ALCOHOL IN THE AIR AND IN BIOLOGICAL MEDIA, 
and R. Trunaut, Arch. mal. profess. 16: 369-374, 1955. 


This communication is devoted to explaining a method for detecting methyl alcohol in the 
air or in tissues of the body. The method depends upon oxidizing methyl] alcohol into formaldehyde 
by the action of potassium permanganate in a cold phosphoric medium. The amount of formalde- 
hyde present is then determined colorimetrically. For exact procedure, the original article must 
be consulted. The claim is made that this method is extremely sensitive and specific. The 
formaldehyde color is a reddish violet, varying with the amount of formaldehyde present. Once 
obtained, the color remains fixed for several hours. The sensitivity is so great in detecting methyl 
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alcohol in small organs that with chronic exposure of rats and rabbits it was found to be localized 
selectively in the optic nerve, which this alcohol is well known to attack in man. Methyl alcohol 
is obtained from the atmosphere by drawing air through purified water and from organic material 
by distilling in a picric or tungstic medium. E. L. Couts. 


Dust Hazarps 1n Coat Mine WorkINGs. A. HousBerecnuts, G. DEGUELDRE, and F. LAVENNE, 
Communication 118, Hasselt: Institut d’Hygiéne des Mines, June 17, 1954. 


Observations were made on 11 working faces with various methods of coal cutting and of 
transport. The results of the observations are tabulated and discussed at length in relation to the 
various criteria that have been advanced for the assessment of the dust hazard. 

It is concluded that when the air-borne dust is rich in silica the health hazard can be evaluated 
in terms of the surface area of particles less than 34 in diameter, whereas if the atmosphere con- 
tains much inert dust, e. g., coal, the evaluation should be in terms of the total volume of dust 
particles less than 3« in size. In evaluating the dust hazard at coal faces, the authors have calcu- 
lated the volume of particles smaller than 3. 

The relative danger of atmospheres thus estimated has been compared with that calculated on 
the basis of other criteria, depending on the total weight of dust particles in a given volume of air, 
on the number of particles within various ranges of size, or on the mean diameter of particles 


within a given size range. Tuomas Beprorp [Butt. Hyc.]. 


Ventilating, Air Conditioning and Engineering Control 


PERFORMANCE CHARACTERISTICS OF CENTRIFUGAL SCRUBBERS. GLENN A. JOHNSON, 
SHELDON K. FRIEDLANDER, RICHARD DENNIS, MELVIN W. First, and LESLIE SILVERMAN, 
Chem. Eng. Progr. 51:176-188, 1955. 


The tests indicate clearly that addition of water (or other suitable liquids) produces a signifi- 
cant increase in dust-collector performance through two distinct mechanisms, i. e., particle 
conditioning (whereby small particles become larger and heavier by the addition of water) and 
particle collection (trapping, wetting, and flushing away of precipitated dust before it can become 
reentrained in the air stream). Experiments with the wetted-wall cyclone scrubber and with some 
types of spray nozzles show that the mere addition of water to a dry collector does not auto- 
matically guarantee a significant improvement in collection efficiency. These experiments indicate 
that optimum effectiveness for the wet process is achieved only by careful design. The optimum 
amount of water is determined by pumping costs, water availability, final sludge-disposal facilities, 
and collection efficiency. The tests show that increases in water rate (other items constant) 
result in improved collection efficiency on a logarithmic increment curve, because as efficiency 
increases through the addition of liquid, each succeeding increment of water must act on cleaner 
and cleaner air and on particle sizes less susceptible to the separating forces. These experiments 
also show that increases in air volume result in more efficiency. This is consistent with per- 
formance data from other types of centrifugal or inertial dust collectors. These experimental 
studies have indicated the importance of the proper application of the sprays. Experiments have 
indicated that there is an optimum spray droplet size. Though measurements have not been made 
of the drop-size distribution from the nozzles used in this study, it has been observed that the 
nozzles producing the smallest drop sizes and those producing the largest drop sizes were 


equally ineffective. Cuem. Asstr. 


Spray SysTeMs AS A MEANS oF Dust ContTROL IN STONE CRUSHING. JACK BALtFF, New York 
State Dept. Labor Month. Rev. 34:21 (June) 1955. 


Effectiveness of water sprays for dust control in rock crushing plants depends upon the 
degree of enclosure at the transfer point and the spray pattern of nozzles. Dust count evaluation 
indicates that more than tenfold reductions can be obtained with a water rate of 1 gal. per ton 
of rock. Operating experience has indicated that supply water must be kept clean to avoid nozzle 
plugging and that pipes must be protected from freezing in colder weather. This method should 
not be recommended as the sole means of dust control for plants crushing stone containing more 


than 10% free silica. C. E. Birtines, Boston. 
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ELECTROSTATIC MECHANISMS IN FIBER FILTRATION OF AEROSOLS. AUGUsT T. ROossANO JR. 
and LEsLige SILVERMAN, Contract AT(30-1)-841, Air Cleaning Laboratory, Harvard Uni- 
versity, Boston, May 11, 1955. 


A detailed evaluation is presented of the magnitude of the electrostatic factor in the efficiency 
of aerosol filtration through fibrous filters. Data are presented from a series of tests in which 
methylene blue spheres were used as the test aerosol, and all collection parameters, excepting 
electrostatic extraction, were maintained constant through the test series. Aerosol charge measure- 
ments were based on the Faraday ice-pail principle. Test equipment is described, and results are 
presented graphically. Quantitative information is included on the role of electrostatics as a 
removal mechanism in aerosol filtration. 


Nuctear Sc. Apstr. 


Accidents and Their Prevention; Protective Equipment 


PsyYCHOLOGICAL TEsTs FOR ACCIDENT PRONENESS AND INDUSTRIAL PrRoFicreNcy. E. G. 

CHAMBERS, Memorandum 31, Medical Research Council, 30 pp., 1955. 

In the course of investigations extending over 15 years (1924-1939) on psychological tests 
for accident proneness, upward of 4000 subjects were tested and more than 30 different tests 
were used. The main object of this research was to discover what relationship existed between 
test scores and the recorded accidents of the subjects tested. From this it was hoped to gain 


some idea of what measurable psychological qualities are involved in proneness to sustain 
accidents, with the ultimate practical object of choosing tests to help in the selection of workers 
for dangerous occupations. Concurrently with this, in some instances, it was possible to obtain 
records of industrial proficiency and to compare test results with these, so that the effect on 
proficiency of selection for accident proneness could be demonstrated. 

These investigations have, in the main, been fully described in Reports 38, 55, 68, 74, and 84 
of the Industrial Health Research Board. The reports give details of the persons tested and of 
the tests used, together with the interrelations of the tests and their prognostic value. The 
present Memorandum is in the nature of a summary of the main conclusions reached in the 
five reports mentioned. It must be emphasized that no new material is incorporated, and the 
data are not treated in any new way. 


From THE AuTHOR’s INTRODUCTION. 


EFFICIENCY OF PROTECTIVE GARMENTS MADE OF SYNTHETIC FIBERS. 
Micuon, Arch. mal. profess. 16: 365-368, 1955. 


P. Micuon and R. 


Industry exposes workers to rough usage against which they need protection by working 
clothes. Neither wool nor cotton is perfect for this purpose; both are inflammable and easily 
become sodden; after washing they are slow to dry; they wear out quickly. Modern synthetic 
fibers possess properties which recommend them for industrial use. Two synthetic fibers possess 
most of the characteristics required for protective clothing; they are Rhovyl, which is polyvinyl 
chloride, and Orlon, which is a polymer of acrylic nitrile. Rhovyl is noninflammable and resists 
acids and alkalies; after four years in concentrated nitric acid and sulfuric acid it remained 
undestroyed. It resists molds and insects. It is harmed by temperatures over 90 C but is unaffected 
by low temperatures, even as low as —80 C. It is two and one-half times as strong as cotton. 
Orlon resists strong acids but not potash or soda. No solvent attacks it or diminishes its 
strength. It does not rot or mold. 


Garments made of Rhovyl have been tried out in chemical works for more than two years with 
success. Such garments are light, protect against cold, and are easily washed; they stand rough 
wear. Similar results have been obtained with Orlon. These clothes give pretection against 
dermatitis due to acids, alkalies, and other chemicals, benzene, tar, and paints. They are not dear 
and are easily maintained and washed in not-too-hot water. Synthetic fibers must be of great 
interest to industry. EL. Cous. 


Tests oF Dust Masks. A. Houperecuts and G. DEGUELDRE, Communication 124, Hasselt: 
Institut d’Hygiéne des Mines, Jan. 27, 1955. 
The report describes the results of tests on 12 types of dust masks supplied commercially. 
For a mask to be accepted as satisfactory, the authors require that four criteria shall be met. The 
resistance to inspiration must not exceed 15 mm. of water, nor the resistance to expiration 5 mm., 
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when the flow of air is 50 liters per minute. When the atmosphere contains 300 to 350 mg. per cubic 
meter of coal dust with 8% of rock dust, all particles being below 5 in size, the mask must 
be capable of retaining 95% of the dust after three hours. Finally, a mask is regarded as unsatis- 
factory if through clogging of the filter the total resistance to the flow of air exceeds 16 mm. of 
water after use for 90 minutes with 26 respirations of 1.6 liters per minute. 

Of the 12 masks only 2 met all the requirements. Three were rejected because they failed to 
retain enough dust, and there was also excessive clogging. In one of these the resistance to 
expiration was also too high. Two other masks had too great a resistance to inspiration and 
suffered from excessive clogging, and one of them also offered too much resistance to expiration. 
Yet another four masks were rejected on grounds of excessive resistance to expiration, and 
with one of them there was also excessive clogging. Finally, one mask was at fault solely on 
account of clogging, but the rise in pressure due to this cause was not greatly in excess of the 
accepted limit, and it is remarked by the authors that in view of its otherwise satisfactory 


performance it could be accepted. Tuomas Beprorp [Butt. Hy«.]. 


Legal Medicine 


OccuPATIONAL IMPAIRMENT OF HEARING: A LEGAL SuRvEY. THEODORE C. WATERS, 
Industrial Hygiene Foundation of America, Inc., Mellon Institute, Pittsburgh, Jan., 1955. 


Radioactive Substances and X-Ray 


SAMPLING FOR AIRBORNE Raproactivity. J. M. Hesvtep and A. W. Bettany, Air Repair 
5:1-4, 1955. 


Potential sources of radioactive aerosols are discussed, and special attention is given to wide- 
spread contamination as might be expected from atomic weapons. There is no perfect sampling 
method, but rather good results have been secured by the use of commercial vacuum cleaners 
and Hollingsworth and Vose H-70 filter paper. Particle-size determinations are best made by 
the cascade impactor—this gives good characterization of particle size down to 0.3«-0.6u. After 
a sample is taken, it should be aged 24 hours to avoid contamination with variable amounts of 
natural Rn and Tn. The volume of air sampled should be known, and a determination of the 
isotopic species present should be made if the mixture is not too complex and is sufficiently active. 
This is done by measurement of type and energy of radiation emitted and of the half-life. Filter- 
paper rolls can be used for continuous sampling; this paper is first used as a filter and then 
periodically moved up to the detector position. Sampling of the atmosphere after atomic weapon 
testing programs in Nevada was carried out in California; of 25 test shots of which there is 
definite knowledge, radioactive material from about 16 was detected at one or more of the 
sampling stations. The amount and distribution of material were highly variable. A fair degree 
of correlation between prediction (from wind direction) and observation was found, especially 
for moderate- to high-wind velocities and with winds at all directions in the same direction. 
Atmospheric sampling was carried out to determine that atomic energy plants continue to meet 


the present high safety standards. CueM. ABSTR 


RADIATION PROTECTION PROBLEMS IN DIAGNOSTIC ROENTGENOLOGY. GEORGE C. HENNY, 
Am. J. Roentgenol. 73:649-654 (April) 1955. 


Many of the protection problems that have to be solved in diagnostic roentgenology have been 
presented. These can be solved by attention to details of technique, by interposition of adequate 
protective barriers, and by increase of distance from the scattering object when possible. The 
principles have been discussed upon which changes of quality of the roentgen-ray beam may be 


used to protect both the patient and the roentgenologist. Nucumas Sc, Aneta. 


RIsKs FROM CHRONIC IRRADIATION AND THEIR HEMATOLOGICAL ConTROL. R. H. MOLE, 
J. Clin. Path. 7:267-274 (Nov.) 1954. 


Periodic blood counts have been considered an essential part of the radiation protection 
program in Great Britain and have practically always been made during the past 30 years. The 
author questions the present value of the procedure. The normal periodic variations in a single 
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person are often too great to permit the determination of incipient variations due to exposure, 
and when a large change occurs, it may be too late for detection to be of value. Moreover, the 
present-day monitoring methods are much more sensitive than the use of blood counts. 


CONDENSED FROM Butt. Hye. [INpust. Dicest]. 


HazARDs ASSOCIATED WITH PowWER PrEss SAFETY CONTROL. SAuL Harris, 
New York State Dept. Labor Month. Rev. 34:29 (Aug.) 1955. 


The paper discusses the use of radium-containing wrist bands as power press safety control 
devices. The author finds that the radiation to the forearm from the wrist band for a 40-hour 
week is 64% of the maximum permissible dose; therefore, he assumes the bands to be safe. 
However, he gives data in the article taken by a second laboratory (unnamed) which show 
that to four large localized areas of the forearm the dose received for a 40-hour week is 140% of 
the maximum permissible dose. It is reasonable to conclude that the second laboratory made a 
better measurement of the radiation intensity. As the author points out, substitution of Sr® 
for the radium may completely eliminate the radiation hazard to the forearm. 


W. D. SMatt, Boston. 
CoMMERCIAL FiL_m BapGe Services: A NUCLEONICS SPECIAL SURVEY. Nucleonics 13:86-88 


(Feb.) 1955. (Copies obtainable from Reprint Department, Nucleonics, 330 W. 42d St., 
New York 36, 10 cents each.) 


Information on the film-badge services in the United States is tabulated, including cost of 
service, how often badges are supplied, method of distinguishing radiations, accuracy for gamma 
and beta rays, and other useful items. Neutron badges and film-badge holders are listed separately. 


Inpust. Dicest. 


Hazarps oF NucLeAR Power Ptants. G. L. Wet, Science 121:315-317 (March 4) 1955. 


A realistic appraisal of the future of nuclear power must include consideration of the 
potential problems as well as the potential benefits. The discussion presented is focused on the 
hazardous conditions that could, under the most pessimistic assumptions, result from a major 
accident involving a nuclear power plant. These hazards include (1) irreparable destruction of 
the reactor and building; (2) lethal effect on a large fraction of plant personnel; (3) under 
the worst conditions of transportation of a dust cloud, lethal doses of radiation, temporary or 
permanent injury, and food and water contamination at a distance from the plant, and (4) 
psychological effects. Plants should be designed, so far as possible, with these maximum effects 
in mind. Possible recommendations include (1) selection of the stablest basic reactor; (2) 
location in a remote, unpopulated area; (3) location on a large site; (4) gas-tight design of the 
reactor building; (5) continual removal of fission products when liquid fuels are used, and 
(6) a widespread warning system and means for rapid evacuation or sheltering of personnel. 
The second recommendation is impractical; the third, expensive; the fifth, practical to a certain 
point, and the fourth, most promising. The past 12 years of safe activity are convincing testimony 
to our understanding of the technology and encourage us to believe that the problems of the 


nt al s 3S. 
future can be met with equal succes Inpust. Hyc. Dicest. 


DETERMINATION OF SOURCES OF PARTICULATE ATMOSPHERIC CARBON. G. D. Crayton, J. R. 
ARNOLD, and F. A. Patty, Science 122:751-753 (Oct. 21) 1955. 


The method used is based on the C1* content of living materials. Libby has shown that all 
biological materials contain an almost exactly constant proportion of radioactive C'* relative 
to their normal C. The half-life of C14 (5600 years) insures that no activity remains in the 
carbon of fossil fuels. As the C contaminants of city air are either contemporary or of fossil 
origin, a determination of the C4 activity indicates the fraction attributable to biological sources 
of all kinds. 

The authors record some determinations from the city air of Los Angeles and Detroit; they 
then point out that it would be feasible and perfectly safe to tag the entire gasoline supply for a 
period, such as 30 days, and thus fix beyond reasonable doubt how much automobile exhausts 


contribute to the atmospheric carbon. Purr Drinxer, Boston. 
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PERSONNEL PROTECTION IN THE RADIOACTIVE INHALATION ProGramM. G. Hoyt WHIPPLE, 
J. N. Stannarp, G. J. MILcer, M. L. InGram, and T. T. Mercer, Contract W-7401-eng- 
49, Atomic Energy Project, University of Rochester, Feb. 4, 1955. 


This report summarizes measures taken to adapt standard radiation protection practices to a 
special laboratory for inhalation exposure studies using alpha- or beta-emitting isotopes. It 
includes calculations of waste water activities, which can be released into the Genesee River, and 
maximum amounts of radioactive materials permitted outside of dry boxes. Special features 
include protective clothing, self-contained breathing equipment, background hematological 
information on the personnel in the group, and the application of monitoring procedures to a 


laboratory handling radioactive aerosols. r : 
8 tive aerosols NucLear Sc. Apstr. 


Acute Toxicity AND RETENTION OF ORALLY ADMINISTERED POLONIUM 2!° IN THE Rat. 
R. J. Detta Rosa, R. G. THomas, and J. N. STANNARD, Contract W-7405-eng-49, Atomic 
Energy Project, University of Rochester, April 8, 1955. 


The acute toxicity of orally administered Po 2!° in the rat has been studied. It is concluded 
that there is no marked difference in toxicity of Po after gavage as compared with an equivalent 
body burden after intravenous administration. This occurs despite differences in tissue distribution 
and kinetics of excretion. The whole-body retention up to 120 days after a single oral dose is 
adequately described by a single exponential relation to time, with half-time of about 42 days. 
By contrast, after intravenous administration, the loss occurs in two phases, with half-times 
of about 30 days and 60 to 70 days. The possible mechanism of the effects seen and their bearing 


on maximum permissible exposure calculations are briefly discussed. Nucwear Sc. Asstr 
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Compiled by U. S. Department of Health, Education, and Welfare - Public Health Service 


Occupational Health Program, 1014 Broadway, Cincinnati 2, Ohio 


A MUNICIPAL PROGRAM 


Occupational Health Operation in Los Angeles 


At any time of the year a city occupational 
health laboratory is a busy place. How a typical 
big-city program receives its reports and the 
course of action generated by those reports are 
explained here by Jack C. Rogers, Director, Di- 
vision of Occupational Health, Los Angeles City 
Health Department. 


Under the State Labor Code it is required 
that the first report of injury from any acci- 
dent within an industrial plant be reported 
to the State Division of Labor Statistics. 
“Injury” includes any occupational disease. 
Through a formal working agreement estab- 
lished between the State Department of 
Health and the State Department of Indus- 
trial Relations, Division of Labor Statistics 
and Research, cases of occupational diseases 
are reported to the State Department of 
Public Health. 


Furthermore, Section 211 of the State 
Health and Safety Code states that authori- 
zation is given for investigation as to the 
reasons for the occurrence of such occupa- 
tional diseases. Through the State Depart- 
ment of Public Health, which reviews reports 
from the Division of Labor Statistics, infor- 
mation is transmitted to the local health 
departments and, in the case of the Los 
Angeles City Health Department, to the 
Division of Occupational Health. The local 
agency undertakes the necessary investiga- 
tions as a joint effort in cooperation with the 
State Department of Public Health. 

Of the 100 reported occupational diseases 
that were transmitted to our Division during 
[49] 


a three-month period, 21 were related to heat 
prostration. Some of these may have been 
in conjunction with the operations within 
foundry plants and similar types of establish- 
ments. Thirty-nine of the total reports were 
in the category of toxic chemicals. The neces- 
sary control measures and handling of toxic 
chemicals are adequately identified through 
our own local toxic chemical ordinance. One 
of the cases had reference to the use of insec- 
ticides, and 16 were related to dust. The dust 
problems in some cases were related to a 
foundry environment and the use of silica 
compounds, but the majority of the cases 
originated in the pottery industry. The 
remainder of the reported occupational dis- 
eases were classed in the category of miscel- 
laneous medical problems. 

All occupational disease reports received 
by our Division are reviewed jointly by a 
medical representative, an industrial hygien- 
ist, and the Director of the Division. After 
review of these reports, investigation is made 
by either the medical or the industrial hy- 
giene personnel. 

It is at this point that our occupational 
health team goes into action. The findings 
reported by the industrial hygienist may 
indicate the need for engineering control to 
solve the problem of industrial hazards. 
Through consultation with the engineer and 
our staff, management is apprised of the 
proper installations necessary for the control 
of toxic materials. Furthermore, it may be 
necessary to evaluate the possible effect on 
workers who may come in contact with toxic 
substances. 
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Through our medical consultant many of 
these problems can be resolved when man- 
agement is aware of the toxicology associated 
with the use of some of the materials neces- 
sary in manufacture. Many times it is essen- 
tial to evaluate further the potential hazards 
as to whether or not an actual health hazard 
exists. In such instances it may be necessary 
to collect samples of gas, fumes, or vapors 
within the workroom atmosphere. Such 
sample collection is accomplished by the 
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industrial hygienist, and the samples are re- 
turned to the laboratory for analysis by the 
industrial hygiene chemist. 

The purpose of a complete investigation 
of an occupational disease report is not only 
to determine why the worker became sick 
and why lost time was occasioned by expo- 
sure to toxic materials but also to prevent 
the recurrence in the same establishment of 
another occupational disease caused by the 
same type of exposure. 


Nursing Consultant Appointed For 


Occupational Health Program 


Mrs. Mabelle J. Markee has been ap- 
pointed industrial nursing consultant for the 
Occupational Health Program of the Public 
Health Service, U. S. Department of Health, 
Education, and Welfare. She replaces Mrs. 
Eleanor C. Bailey, who has left the Service 
to be married. Mrs. Markee will be re- 
sponsible for assisting State and local health 
agencies, universities, and other interested 
organizations in the promotion and develop- 
ment of industrial nursing services. 

At the time of her appointment in the 
Public Health Service in 1945, Mrs. Markee 
was assigned to the Occupational Health 
Program. She has served during the past 
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seven years as regional nursing consultant 
with the Department’s Regional Office, Chi- 
cago, Ill. Prior to her appointment in the 
Public Health Service she had extensive 
experience in State and local health depart- 
ment activities in both generalized and indus- 
trial nursing programs. 

Mrs. Markee received the degree of 
Bachelor of Arts from Upper Iowa Univer- 
sity and, after several years of public school 
teaching, took her professional training at 
the University of Nebraska School of Nurs- 
ing. She received a Master of Science in 
Public Health from the University of Michi- 
gan in 1942. 
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THE PLACE OF INDUSTRIAL 
MEDICINE IN MODERN MEDICAL 


PRACTICE 


A recent issue of the Journal of the Cincinnati 
Academy of Medicine (Hamilton County, Ohio, 
Medical Society) devoted a major portion of its 
editorial space to industrial medicine. This article 
by Dr. Robert A. Kehoe, member and past chair- 
man of the Advisory Committee of the Occupa- 
tional Health Program, represented the keynote 
of the industrial health material. 


Medical practice in industry, like many 
other types of medical practice in the United 
States of America, has undergone great 
change during the past several decades. 
Somewhat more recently it began to develop 
several characteristics which in late years 
have assumed fairly definite form. It might 
be said to have ripened into something ap- 
proaching maturity, a conscious adaptation 
to the growing and changing needs of a 
technological society based on the practical 
application of the physical sciences and an 
intense preoccupation with industrial produc- 
tion and distribution. 

This conscious adaptation has taken root 
in medical education, taking its initial place 
somewhat precariously perhaps but now 
growing lustily among other types of pro- 
fessional training in other medical fields and 
specialties. The fruit of this growth, which 
is now the formal and conventional sign of 
the professional adulthood of a special field 
in organized American medicine, is that of 
the recent recognition of occupational medi- 
cine—essentially industrial medicine—as a 
medical specialty, in affiliation with certain 
other specialties, in the American Board of 
Preventive Medicine. 

In the consideration of the present and 
future status of industrial medicine there are 
at least three questions to which organized 
medicine and every practicing physician will 
expect an answer at this time when certain 
traditional concepts of medical practice are 


[51] 


under reexamination, and when the freedom 
and independence of the physician appear to 
be jeopardized. 

1. What are the scope, substance, and aims of 
industrial medicine ? 


2. What is the occasion for the development of 
industrial medicine as a specialty, and what is its 
special contribution to the combined knowledge, 
skill, and medical service of the profession to the 
present-day American community ? 


3. What is its impact upon modern medical prac- 
tice? That is, how does industrial medical practice 
fit into the current structure of general medical 
practice? Is it a further extension of private pro- 
fessional practice, or is it characterized by en- 
croachment upon, or disruption of, such medical 
practice? 

With the dramatic growth and develop- 
ment of industry in this country, we have 
been presented with a series of new physical 
and chemical hazards. We are also faced with 
emotional hazards born of the many economic 
and social stresses in the greatly changed and 
rapidly changing structure of our society. 
These considerations have created the need 
for modern industrial medicine in its diag- 
nostic and curative aspects and, more re- 
cently, in its preventive, administrative, and 
social functions. The industrial physician of 
the present and, more particularly, of the 
immediate future must do his work mainly 
within industry and must base his efforts on 
the sound training and experience that will 
provide him with an understanding of mod- 
ern industrial life, including the industrial 
environment and its physical and emotional 
impact upon people who work, that is, upon 
the large proportion of the population of 
this country whose work ranges from top- 
flight managerial functions to the simplest 
forms of manual labor. It is not always 
apparent to us that this is a new, a strange, 
and, as yet, an inadequately explored human 
environment which we, as medical men, do 
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not fully appreciate or understand, that we 
have a tremendous task of study, investiga- 
tion, and adaptation ahead of us, and that 
all of the knowledge, skill, and resources of 
modern medicine and hygiene are being put 
to a more severe test of their applicability 
and fitness than they have been in any previ- 
ous period of the history of this country. 
Moreover, as industry has evolved further, 
it has engulfed the whole of our material and 
economic life, thereby posing many new 
clinical problems in general medical practice 
and creating urgent need for a new brand of 
preventive medicine in the community as a 
whole. Consider for a moment how many of 
the medical problems of the times have their 
origin in modern industry. The same com- 
plexity in the application of the physical sci- 
ences to modern industrial production char- 
acterizes the entire modern community. Its 
streets, highways, railways, and airways are 
hazardous because of the machinery and 
speed of transportation and the great variety 
of the products transported; its homes and 
farms are dangerous because of many of the 
same factors that create industrial hazards— 
the number and variety of machines, the 
sources of power, the fuels and refrigerants, 
the drugs and chemicals that serve the mod- 
ern household; its streams, which are often 
its general water supplies, are polluted not 
only with common sewage but also with all 
the nonvolatile substances that comprise the 
raw, intermediate, and finished products of 
industry; its foods contain a host of natural 
substances of which the earth is composed 
and variable quantities of chemical sub- 
stances derived from the modern use of fer- 
tilizers and insecticides or from the multi- 
plicity of materials employed in processing 
and packaging our foods; the air of its towns 
and cities, and often that of its open country, 
is burdened with the smoke of dwellings and 
other buildings, of transportation equipment 
and of factories and also with some portion 
of almost all modern materials and chemi- 
cals as these are released from the vents and 
stacks of industry. This new and dangerous 
environment, which man has created for him- 
self, now provides the challenge to both cura- 


414 


ARCHIVES OF INDUSTRIAL HEALTH 
tive and preventive medicine; this challenge 
requires additional types of medical knowl- 
edge, new medical skills, and new settings 
for the application of such knowledge and 
skill. 

In the latter half of the 19th century and 
in the early years of the 20th, the bacteriolo- 
gists and immunologists provided the knowl- 
edge that revolutionized diagnostic and 
therapeutic medicine. This newly acquired 
medical knowledge, in conjunction with the 
development of sanitary engineering, pro- 
vided public safety in the midst of dangers 
created by nature, enhanced by the congre- 
gation of men in towns and cities. Similarly, 
in the modern period of intense technologic 
expansion, the investigators in the fields of 
chemistry, biochemistry, physiology, phar- 
macology, and toxicology have become the 
primary source of the new knowledge out of 
which industrial medicine has developed. 
Likewise, the marriage of this new medical 
knowledge with a new brand of sanitary 
engineering, whereby industrial hygiene— 
preventive medicine and engineering in in- 
dustry—came into existence, can give us the 
means of bringing under control in large 
measure the physical and chemical hazards 
of an industrial society, hazards created by 
man’s curiosity and intensified by his preoc- 
cupation with speed of movement, variety of 
experience, and mastery of the forces of 
nature for his greater pride and comfort. At 
the same time the study of the emotional 
stresses of this new way of life are being 
investigated in industry, and while the extent 
and results of such study have not been 
highly impressive up to the present time, the 
prospect for its development and application 
is bright, since its offers hope of increasing 
industrial productivity while contributing to 
the greater sense of security and well-being 
of industrial employees. 

It can be said, therefore, without undue 
boldness, that the development of industrial 
medicine, its coming of age as a medical 
specialty, its recognition and assumption of 
its responsibilities, and its partial achieve- 
ment of its goals give promise toward the 
more general adaptation of medical practice 
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to the growing needs of modern community 
life. Moreover, the modern industrial phy- 
sician who is conscious of his professional 
relationships and obligations is undertaking 
to work out a pattern for medical practice 
in industry that will best solve the specific 
occupational problems of the group which 
he serves; at the same time the modern in- 
dustrial physician makes the best use of the 
medical facilities of the community, within 
the framework of ethical medical practice, in 
dealing with nonoccupational problems of 
industrial health. 


The bearing of these matters on the gen- 
eral practice of medicine involves at least 
two distinct considerations. 

1. The contribution of the practitioners of 
medicine to industrial medicine. 

(Others have made reference to the large 
proportion of industrial workmen who are 
employed in small industrial plants and 
shops. It seems certain that for a long time 
to come, if not indefinitely, such medical ad- 
vice and hygienic supervision as are made 
available to this large group will be provided 
by men engaged largely or primarily in pri- 
vate practice. This is the case now, the diffi- 
culty being that this service as generally 
provided is not adequate. The reasons for 
this are numerous, and time will not permit 
us to go into them. Nor would it be profit- 
able perhaps. It is more important that the 
problem be recognized and dealt with. 

The hazards of small industry differ but 
little from those in large industry, the pri- 
mary difference being that they tend to be 
brought under control in the latter, while in 
the former they go unrecognized and uncon- 
trolled to a very large extent. The physician 
is the key to this problem. He should spend 
time in these plants; he should know how 
men work at their jobs and what their hygi- 
enic problems are. It is not sufficient that he 
deal with the end-results of hazardous and 
stressful situations. Preemployment and 
even periodic examinations, useful as they 
may be, are not very important in themselves. 
Industrial medicine in the small industry is 
wasteful and essentially pointless, in terms of 
[53] 


industrial and community health, unless it is 
primarily preventive in purpose and charac- 
terized by a thorough understanding of the 
threats to human health that lurk in the sur- 
roundings of the day’s work. It is fair to say 
generally that what passes for industrial 
medicine in the large proportion of the small 
plants of any modern industrial center in this 
country is but a trifling service, as compared 
with what it might be if better-trained phy- 
sicans, conscious of their professional duties, 
were to be given by wise and responsible 
management the opportunity and responsi- 
bility for the performance of their self- 
prescribed professional duties. It is not 
too much to hope and expect that this 
may come to pass. The knowledge required 
of the physician to provide a satisfactory 
industrial service in a single small indus- 
trial plant or in several is not beyond his 
competence. What is required is a frank 
recognition of the nature of the task—that is, 
a change in viewpoint, a shift from the futil- 
ity of curative medicine in this field to the 
productivity of preventive medicine—and the 
acquisition of some knowledge of the prob- 
lems and techniques of industrial medicine. 


2. The recognition by physicians generally 
of the impact of modern industrial life on 
society. 

(thers have stressed the importance of the 
diagnosis of occupational illness and disease. 
This problem, however, goes well beyond the 
diagnosis of specific occupational intoxica- 
tions and disease and into the entire subject 
of the stresses of the rapidly moving life of 
the times. Scientific method puts first things 
first and asks that the clinician extend his 
knowledge and skill to the understanding of 
occupational disease. We must learn to walk 
before we can run, and it would be a great 
advance, indeed, if we could achieve this goal. 
However, it is important to recognize that 
the scene continues to shift, that new chemi- 
cals and new sources and types of energy 
come into use, and that we must not only 
catch up clinically but keep caught up. The 
incidence of accidents and injuries in the 
modern household, and especially the fre- 
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quency of accidental and incidental poisoning 
among children in the home, is sufficient evi- 
dence of our general need for preventive 
medicine geared to the times. 

Here it seems wise to call attention to the 
nature of the situation with respect to our 
sources of medical knowledge. The physician 
has not considered it to be beyond his duty 
and capacity to acquire and act upon a broad 
knowledge of microbiology as it relates to 
human disease. What might be called the 
microbiologic era of medicine, which thrived 
on the fruits of the work of Pasteur and 
Koch and their many able successors, has 
run its course. It continues to be with us, 
but its achievements in terms of preventive 
medicine have eliminated many of the dis- 
eases of this type. There will be further 
contributions no doubt, and no comment 
which might be made about the future of 
medicine should be permitted to dim the 
brilliancy of these achievements of the past 
and the continuing achievements of our time 
in relation to infectious, parasitic, and viral 
diseases. However, it is important to recog- 
nize that we are in a new era of medical 
problems. This differs from earlier periods 
in the degree that present problems, as indi- 
cated previously, are of man’s creation. It is 
true that man hitherto has intensified the 
hazards provided by his natural environ- 
mental enemies. His crowded community life, 
for example, throughout historical time has 
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augmented the transmission and the viru- 
lence of disease. In the present period, how- 
ever, the most significant hazards, of them- 
selves, are man-made. In this threatening 
environment the sources of medical informa- 
tion concerning the stresses, the chemical 
poisons, and the physical agents of injury, 
while incomplete and somewhat off the 
beaten path, are yet open to him who seeks. 
Is it too much to expect that the physician 
should sort out and assimilate the useful body 
of this information for his own practical pur- 
poses in this new and rapidly developing 
modern period of medicine? Certainly not. 
This is merely another problem to be dealt 
with, and although it is a difficult one, it 
cannot be side-stepped. There are signs on 
the horizon of growing awareness among 
medical educators and physicians generally 
of their responsibilities and opportunities in 
this direction. Within the lifetime of many 
of us medical practice has adapted itself to 
certain urgent needs of the people and the 
times. We may expect that its fecund vital- 
ity, fertilized by the physician’s devotion to 
duty and nourished by medical research and 
education, will be equal to its present task. 

Rosert A. Kenoe, M.D. 

Director, Department of Preventive 

Medicine and Industrial Health 

The Kettering Laboratory 

University of Cincinnati 

College of Medicine 
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HAZARDS OF TANKS AND PITS 


The “empty” tank or pit, like the “unloaded” 
gun, may be extremely dangerous. The industrial 
hygienist has recurrent experience with injury 
or death resulting from high concentration of 
toxic substances in “empty” tanks or pits. In this 
article the Chemical Engineering Unit of the 
Division of Industrial Hygiene, New York State 
Department of Labor, reviews the dangers of 
tanks and pits and tells how they may be avoided. 


All too often individuals are overcome 
after brief exposures to atmospheric con- 
taminants in tanks, pits, or similar partial 
enclosures. In all instances the victims ap- 
parently believed that there was sufficient 
natural ventilation in the enclosure to pre- 
vent ill effects because some part of the 
enclosure was open to fresh air. The many 
cases of death or acute illness resulting from 
such error are proof that natural ventilation 
of partial enclosures is not necessarily 
enough to prevent asphyxia, anesthesia, or 
other manifestations of acute intoxication. 


ATMOSPHERIC CONTAMINANTS 


The latest list of established threshold 
limit values presented by the Threshold 
Limits Committee of the American Confer- 
ence of Governmental Industrial Hygienists 
contains maximum average atmospheric con- 
centrations of 124 gases and vapors to which 
workers may be exposed for an eight-hour 
working day without injury to health.’ 
Concentrations considered safe for shorter 
periods of exposure, such as 10 or 20 min- 
utes or even less, are not listed. 


Henderson and Haggard? list 60 gases 
and vapors with dangerous short exposure 
concentrations, usually 30 minutes, which 
may cause unconsciousness or death. 


The Hygienic Guides Committee of the 
American Industrial Hygiene Association ° 
has begun publishing a series of short de- 
scriptions of various toxic and irritant con- 
taminants of industrial atmospheres which 
give limiting concentrations for short ex- 
posures. The A. I. H. A. plans to publish 
[55] 


five guides each quarter and already has 
completed a number of them. 

Of the 60 gases and vapors listed by 
Henderson and Haggard, 10 are simple 
asphyxiants, including carbon dioxide. Of 
these, five are less dense than air—nitrogen, 
helium, methane, hydrogen, and ethylene. 
The last three are flammable and explosive. 
In the category of irritant and systemically 
toxic gases, only ammonia, hydrogen fluoride, 
carbon monoxide, and hydrogen cyanide are 
lighter than air. 


ASPHYXIANTS 


Simple asphyxiants act by cutting off or 
reducing oxygen supply. If the concentration 
of oxygen in the breathing area is less than 
half that present in normal air, unconscious- 
ness and death may result in a short time. 

If a person who becomes unconscious from 
lack of oxygen recovers quickly, there 
usually is no residual damage. However, 
if the victim is in an oxygen-low atmosphere 
for a long time, there may be permanent 
damage to the brain or other nervous tissue 
because of lack of oxygen. 

Systemic asphyxiants do not depend upon 
the replacement of normal oxygen supply 
for their damaging effects. Instead, they 
interfere with some body function preventing 
normal usage of oxygen. The most common 
systemic asphyxiants found in industry are 
carbon monoxide and the cyanides. 


ANESTHETICS 


There are a number of theories to account 
for the action of the anesthetics. Their action 
is most pronounced on those centers of the 
nervous system which control consciousness. 
For a number of the anesthetics there is 
only a small margin separating the exposure 
which causes unconsciousness and that which 
can cause death. Many of the anesthetics 
leave little or no after-effects when the victim 
regains consciousness, but there are some 
substances which have both anesthetic action 
and toxic effects upon organs. 
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EXPOSURE IN TANKS AND PITS 


Tanks and pits usually have one or more 
large openings, frequently at the top. Yet 
despite relatively large openings, there is 
little natural circulation between inside and 
outside air. 


There is some justification for the belief 
that contaminants of high density tend to 
settle into open-top pits and tanks much like 
water settles in low places. But although 
there is little difference in density between 
pure air and air containing enough con- 
tamination of a toxic or anesthetic gas to 
cause serious harm, the latter still is heavy 
enough to settle into an open tank or pit. 


For example, pure carbon tetrachloride 
has a density of 5.31 compared to air. Yet 
a CCl,-air mixture with a concentration of 
65,000 parts per million of air, a concentra- 
tion that is rapidly fatal, has a density of 
only 1.280. Trichlorethylene has a density 
of 4.16; yet a fatal mixture with air, con- 
taining 37,000 ppm of trichlorethylene, has 
a density of 1.117, and benzol, with a density 
of 2.69, when mixed with air in 20,000 ppm, 
forms a fatal mixture with a density of 1.034. 


The substances listed above that have 
high vapor densities also have vapor densities 
above that of air when mixed in proportions 
that will rapidly cause death. In concentra- 
tions as low as a third of those causing 
death, exposure may result in unconscious- 
ness. These dilutions too are heavier than air. 


It is obvious that a heavy vapor or con- 
taminated air of higher density than pure 
air will stay in a semiconfined space, espe- 
cially if the space is open at the top only. 
But there are other factors. Gases do not 
diffuse rapidly and may remain in high 
concentration in semienclosed spaces unless 
there is ventilation. In industrial environ- 
ments there also is a danger of continued 
contamination of the enclosed air. Unless 
fresh, clean air is added faster than the rate 
at which the air is contaminated, the con- 
centration of contaminant may remain con- 
stant or may even increase. 
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CASES OF INTOXICATION IN SEMIENCLOSURES 
1. Simple Asphyxia.—Instances of farm- 
ers who enter silos or cider vats and are 
asphyxiated because of high concentration 
of carbon dioxide and low concentration of 
oxygen are relatively numerous. Less com- 
mon are cases of industrial workers 
are asphyxiated because of oxygen deficiency, 
but such cases occur. One case which came 
to our attention is that of a worker in a 
brewery. Wanting some beer to drink, he 


who 


went down into a cellar room which housed 
open fermentation vats. It was the usual 
practice in this brewery for anybody who 
was to unventilated 
room to receive permission from the brew- 
master, who would unlock the 
start up a large exhaust fan to bring in fresh 
air. After a predetermined time the room 
was considered safe. The man in question 


enter this otherwise 


door and 


did not receive permission to enter the room 
and did not turn on the fan. He was found 
dead on the steps leading down into the 
room. 


Another accident which was investigated 
by this Unit was much more unusual. This 
accident occurred in a plant in which flax- 
seed was crushed to prepare linseed oil. 
The expressed oil, containing some meal 
and water, was kept in a settling tank from 
which clear oil was removed. The settling 
tank used for the purpose was about 10 ft. 
in diameter and 9 ft. high, with a manhole 
1% ft. in diameter near the top. It was 
customary for one of the operators to sample 
the oil floating on the surface of the watery 
residue to determine whether or not clear 
oil could be pumped off. This operation had 
been done repeatedly for years. 


On the day of the accident a worker 
climbed down into the tank approximately 
two hours after the manhole had _ been 
opened. As the man approached the bottom 
of the tank, he collapsed. Another worker, 
seeing this, started down, felt faint as he 
got half way down, and was able to climb 
from the tank before he collapsed. He re- 
covered after a short interval and showed 
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no signs of residual injury. A third worker 
started down the ladder and fell to the 
bottom. 

An emergency call brought the city fire 
department. One fireman descended into the 
tank, wearing an “all-purpose” gas mask. 
He collapsed. A second fireman, wearing 
a similar mask but provided with a rope 
tied about his waist, also collapsed as he 
entered the tank but was pulled out quickly, 
saving his life. The three men in the tank 
were removed by means of hooks and poles 
after the last one to collapse had been in the 
tank for about half an hour. Pulmotors and 
artificial respiration failed to revive these 
three. It should be noted at this point that 
the so-called “all-purpose” gas mask affords 
no protection against deficiency of oxygen. 

The chemist for the city where the acci- 
dent occurred analyzed the air in the tank 
after the men had been removed. He found 
that the concentration of oxygen was only 
1.5%, far below the minimum required to 
sustain life. 

Reference to the literature * disclosed 
that cases of asphyxiation due to fermenta- 
tion of flaxseed meal have occurred in Hol- 
land. This accident occurred in August. 
The warm weather probably contributed to 
the rate at which carbon dioxide was pro- 
duced by the aerobic fermentation of the 
residue which simultaneously consumed the 
oxygen of the atmosphere in the tank. 

Many industrial asphyxiation cases have 
occurred in utility manholes. The United 
States Bureau of Mines has reported® a 
range of composition manhole atmospheres 
for the years 1929 through 1940. Their re- 
port is as follows: 


Per Cent by 


Volume 
0 to 44.1 
Methane plus 0 to 34.7 


Gasoline vapor and other hydrocarbons 0 to 22 
Nitrogen (by difference)................. 19.5 to 87.9 


The report continues: “Carbon monoxide 
was present in a majority of the samples, 


* References 4 and 5. 
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and a few contained concentrations high 
enough to be fatal to anyone who might 
enter the manhole without proper protec- 
tion. The oxygen content of a few of the 
samples was so low that it would be de- 
cidedly unsafe for anyone to enter the man- 
hole without proper respiratory equipment.” 

It should be noted that some of the 
samples contained inflammable gases and 
vapors within the explosive range. 


2. Rapid Anesthesia and Intoxication — 
An employee of a tannery was engaged in 
cleaning out the sludge from a concrete out- 
door settling tank, about 10 ft. deep, through 
which the effluent from the beamhouse was 
discharged. The employee performing this 
work did it in the usual manner, dipping 
up the sludge with a bucket and windlass. 
preparatory to its being carted to a dump 
some distance from the plant. He climbed 
down, possibly to recover something which 
he saw mixed in the sludge, and collapsed. 

Another worker saw him struggling, tried 
to help, but also was overcome. Two other 
employees and a bystander also collapsed 
as they went down and tried to aid those 
who had previously gone into the tank. Three 
firemen were called to help, became ill, but 
recovered. The five victims were finally 
removed by firemen who wore gas masks. 

Analysis of the sludge showed that it 
contained a large variety of substances but 
also that it was saturated with hydrogen 
sulfide. Despite this, nobody reported smell- 
ing the characteristic odor of this gas. This 
was undoubtedly due to the fact that the 
sludge had such a powerful odor that it 
masked other odors. 

Some other deaths due to high concentra- 
tions of hydrogen sulfide in the atmosphere 
occurred during the driving of a tunnel under 
the Niagara River. The rock through which 
the tunnel was being driven is Medina sand- 
stone containing iron pyrites. Action of 
slightly acid underground water on the 
sulfide produced hydrogen sulfide. Seepage 
of the solution into the tunnel and the sub- 
sequent release of the gas into its atmosphere 
were sufficient to produce concentrations 
above 600 ppm, sufficient to cause death. 
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Painting the inside of tanks has caused 
both unconsciousness and death of workers. 
Three men were painting the inside of a 
100,000 gal. water tank about 100 ft. above 
the ground. It had two openings in its top, 
one 2% by 3% ft., the other about 1 ft. in 
diameter. There was an opening in the 
bottom through which a 1% in. compressed 
air hose was introduced, point upward, with 
its end a few inches above the bottom of 
the tank. The compressor had a capacity of 
172 cu. ft. per minute at a pressure of 80 Ib. 
per square inch. This volume of air supplied 
to the water tank was sufficient to give one 
air change each 80 minutes. 


The paint which was being applied was 
crude coal tar containing about 8% readily 
volatile solvent, about 3% benzol, 3% toluol, 
and 2% xylol, and 0.85% hydrogen sulfide. 
The paint was applied by means of 6 in. 
brushes with 4 ft. handles. Paint was kept 
in three buckets, each holding about 1% gal. 


The first day paint was applied to the top 
and sides of the tank. Wooden boards across 
the bottom of the tank helped diffuse the 
air supplied by means of the compressed 
air line throughout the tank. Hewever, the 
men found it necessary to leave the tank 
for fresh air at frequent intervals. Paint was 
applied to the bottom on the second day. 
The boards at the bottom were, of necessity, 
removed. This permitted the jet of air to 
pass through to the upper portion of the 
tank without sufficiently diluting the atmos- 
pheric contaminants released at the bottom. 
Late that morning it began to rain. Two 
painters who had been working on the out- 
side of the tank were about to enter the 
tank to keep out of the rain. They found the 
three within the tank in distress. One suc- 
ceeded in climbing out of the tank by means 
of a ladder; the other two were lifted out 
by ropes and pulleys. It took about 15 min- 
utes to remove them from the tank and an 
additional 20 minutes to lower them to the 
ground where a pulmotor was used in an at- 
tempt to resuscitate them. The two painters 
died. 


420 


M. A. ARCHIVES OF 


INDUSTRIAL HEALTH 


Two other cases have been reported re- 
cently.+ One involved painters who became 
unconscious when applying paint whose 
solvent was trichlorethylene on the inside 
of a deep, open tank. The other case re- 
sulted in one death and several acute poison- 
ings of painters who applied a plastic coating 
material containing methyl cyanide on the 
inside of a tank. This tank had numerous 
small holes, usually connected to pipes, and 
was supplied with some general workroom 
air which was blown through a manhole in 
the tank. 


All cases cited indicate the need for a 
review of the precautions which must be 
taken to prevent death or severe illness of 
employees who must enter or work in pits, 
tanks, and similar confined spaces. 


PRECAUTIONS 


The precautions which should be observed 
to prevent acute intoxication or asphyxia 
in pits and tanks include: 


1. Every worker who enters a pit or tank 
must wear a harness to which is tied a 
rope or cable held by another worker outside 
the confined space. A third worker must be 
within hailing distance so that the two can 
lift and remove the one in the enclosure 
if he shows signs of distress. 


2. No enclosed or partially enclosed space 
should be entered until its contents of vola- 
tile or partially volatile material are removed. 
The tank should be emptied, washed, and 
then steamed or aerated repeatedly until 
free of atmospheric contaminants or mate- 
rials which might produce atmospheric con- 
taminants. 


It should not be assumed that, because a 
tank has been emptied, steamed, and aerated, 
it is free of volatile substances. It is possible 
that coating material on the inside of a tank 
will absorb volatile substances and release 
them gradually with the passage of time. 
There may also be less obvious sources for 
recontamination of the atmosphere with a 


+ References 7 and 8. 
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tank or pit. It is necessary, therefore, to 
test the atmosphere rather than to assume 
that the air is safe. 


Air in tanks can be tested for oxygen content by 
its ability to support combustion. A modification of 
the miners’ safety lamp may be used for that pur- 
pose.® In the absence of methane the lamp can burn 
down to a 13% oxygen content of the atmosphere. 
There are numerous instruments available for the 
rapid estimation of such contaminants as flammable 
gases and vapors, carbon monoxide, hydrogen sul- 
fide, sulfur dioxide, and chlorinated hydrocarbons.t 
There are other analytical methods available for 
other contaminants which, if present, may make the 
atmosphere hazardous for entry without special 
respiratory equipment. 


3. Clean, fresh air should be supplied to 
the tank after it has been rendered free of 
contaminants. This is necessary to insure 
an adequate supply of air for the worker 
who is to enter. 

4. If it is impossible to remove all atmos- 
pheric contaminants from an enclosure, the 
worker who is to enter must be provided 
with a positive source of respirable air. For 
this purpose he must be provided with a 
respirator which is approved by the U. S. 
Bureau of Standards. This may be a hose 
mask with blower, an air line respirator 
with a supply of clean, filtered air, or a self- 
contained oxygen or compressed air mask. 
A chemical oxygen mask, containing a 
canister of metallic peroxide which yields 
oxygen when in contact with expired air, 
may also be used. 


5. If operations which yield volatile ma- 
terials are to be performed in an enclosed 
or partially enclosed space, exhaust ventila- 
tion balanced with an equal volume of sup- 
plied uncontaminated air must be used. The 
volume of air may be calculated from the 
quantity of volatile substance released in 
the space per unit of time or on the basis 
of a controlling velocity of clean air in the 
breathing zone of the worker. In either case 
frequent tests of the atmosphere and ob- 
servation of the worker should be made. 
Supplied air respirators may be substituted 
for part of such ventilation. Special respira- 


t References 9 and 10. 
[59] 


tory equipment must never be considered a 
substitute for a harness and lifeline on a 
worker in a confined space. 


6. Persons who work in atmospheres or 
with substances which may be absorbed 
through the skin should be provided with 
clothing and other personal protective equip- 
ment which will prevent contact with these 
substances thus absorption 
through the skin. 

It is apparent from the precautions which 
are listed above that work within tanks or 
pits or in other confined spaces requires 
much more care than is required for work 
in open areas. Saving a life is worth the 
extra care. 


prevent 


SAMUEL Moskowitz, Ch.E., Ph.D. 
J. Burke, Ch.E. 

Division of Industrial Hygiene 

New York State Department of Labor 
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New Publication 


A handy pamphlet, Emergency Treatment 
in Industry, has been prepared by the Com- 
mittee on Industrial Health of the Minnesota 
State Medical Association in cooperation 
with the Minnesota Department of Health. 
It was printed by Minnesota Blue Shield 
and Minnesota Blue Cross, 2610 University 
Ave., St. Paul 14, Minn., as a public service. 

Designed as a more or less permanent in- 
struction sheet for many types of industrial 
problems, the new pamphlet leaves a blank 
column on each page for the special instruc- 
tions, if desired, of a plant physician, so that 
instructions may be adapted to any special 
situation. 

A simple set of anatomical charts, as well 
as routine first-aid rules and suggested sup- 
plies and equipment, also is included in an 
appendix. 

A typical section, presented below, tells 
how to handle a dermatitis problem. The 
other sections of the pamphlet are equally 
clear and simple. 


DERMATITIS (SKIN RASH) 


Cause.—Cause of occupational dermatitis may be 
classified as mechanical, physical, and chemical. The 
most important of these are the chemical causes. 
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Since the irritants must come in contact with the 
skin for various periods of time before they can 
cause dermatitis, preventing such contact will help 
control dermatitis. 

Prevention.—Contact with irritants to the skin 
can be reduced by: 

1, Engineering safeguards over operations in which 
irritants are used. 

2. Good plant housekeeping. 

3. Furnishing workers with protective clothing. 

4. Educating the workers to keep clean and to use 
protective devices. 

Personal cleanliness is the most important single 

factor in the control of dermatitis. 

Never use kerosene or solvents for cleansing skin. 

The application of ointments and lotions may 
aggravate dermatitis, unless such treatment is pre- 
scribed for specific conditions. Workers with derma- 
titis should be referred to a physician. 

Control.—Start the day with clean skin. 

Wear clean clothes. 

Wash the hands clean with appropriate soap. For 
removal of oil and grease, care should be taken to 
provide a skin cleanser of low alkalinity and, if 
necessary, one with a nonabrasive scrubber. 

It is important to dry hands well after washing. 
If skin appears chapped, use hand lotion. 
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MONOXIDE 


A lift truck is one of the most convenient ways 
of transporting materials in factory or ware- 
house. Since lift-truck operations must often be 
done indoors, there always is a danger from car- 
bon monoxide gas if the truck is powered by an 
irternal-combustion engine. Here is how the Di- 
vision of Occupational Health of the Michigan 
Department of Health handles the problem. 


In 1955 the Michigan Division of Oc- 
cupational Health investigated 26 plants 
throughout the State that had experienced 
difficulties with the use of industrial trucks. 
We have no way of knowing how many 
others have had similar difficulties without 
realizing the cause. The number of employees 
known to be affected was in excess of 10,000. 
The problems occurred in small plants of 
50 employees as well as in larger plants 
employing as many as 1000. The symptoms 
of illness among the employees ranged from 
a severe frontal headache to asphyxia. 

The difficulty in every case was a result 
of carbon monoxide gas from truck exhausts, 
a problem always associated with the use 
of internal-combustion engines. 


Exhaust gases contain carbon monoxide 
in amounts ranging from a fraction of 1% 
to 7% or even higher. Some recent work 
on tail-pipe exhaust gases from industrial 
trucks indicates carbon monoxide concentra- 
tions as great as 15% in a vehicle in need 
of carburetor adjustment and overhaul. The 
variation depends upon the proportions of 
air and gasoline in the mixture burned as 
determined by the adjustment of the car- 
buretor; the richer the mixture, the higher 
the percentage of carbon monoxide in the 
exhaust gas. 


ACTION OF CARBON MONOXIDE 


Although other constituents of exhaust 
gases have their own irritant effects on man, 
industrial health engineers consider that 


LIFT TRUCKS AND CARBON 


carbon monoxide, because of its chemical 
asphyxiant nature, is the most valid guide 
to the over-all toxicity of exhaust gases in 
evaluating any specific exposure. 

In systemic asphyxiation, oxygen is pres- 
ent in the lungs and is in contact with the 
blood in ample amounts, but the blood cannot 
absorb or transport it. This action differen- 
tiates it from that of simple asphyxiation 
which prevents sufficient oxygen from enter- 
ing the lungs and thence to the blood. It is 
because of this characteristic of the systemic 
asphyxiant that carbon monoxide is such 
a subtle, yet severe hazard. 


CONTROL PROBLEMS 


Difficulty with carbon monoxide from 
fork-lift trucks is almost always associated 
with their use in small unventilated areas, 
such as railroad cars, highway vans, base- 
ment areas, cold rooms, and congested ware- 
houses. This is often aggravated by inade- 
quate general ventilation in the plant proper 
and by a poor preventive maintenance pro- 
gram on the trucks Another 
source of difficulty is the grouping or idling 
of trucks in one area, which permits the 
atmospheric concentration to become ex- 
cessive. 


themselves. 


VENTILATION 


The preferred method of controlling ex- 
haust gases is by adequate general ventila- 
tion, inasmuch as many other virtues in- 
herent in good ventilation are gained. 

For effective dilution of exhaust gases 
the following rates are suggested: 5000 
cu. ft. per minute for each truck; 75 cu. ft. 
per minute per horsepower for diesel trucks. 
These figures are recommended for control by 
dilution of cars or trucks in motion or idling 
outside of stalls in service garages. We be- 
lieve they may be validly adapted to the 
control of trucks in industrial plants. Exist- 
ing process ventilation, for example, paint 
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booths, may be considered as partially an- 
swering the dilution ventilation require- 
ments. 

It is well to remember that satisfactory 
ventilation will only be achieved when pro- 
vision is made to compensate for the air 
being exhausted by the supply of properly 
tempered make-up air. 


PROPANE FUEL 

The use of propane fuel has been advanced 
as a means of controlling exhaust gases. 
Experience has been varied. Although some 
propane conversion units have shown dimin- 
ished carbon monoxide and definitely less 
odor, others have produced as much carbon 
monoxide as a comparable gasoline-fueled 
vehicle. It is believed that faulty carburetion 
accounts for the excessive carbon monoxide. 

It is well to remember, however, that, 
although propane conversion units may give 
some relief from the odors associated with 
exhaust gases, they do not completely control 
or eliminate the most hazardous element, 
carbon monoxide. 


CATALYTIC MUFFLERS 

Another method of controlling exhaust 
gases is by the use of a catalytic muffler. 
The catalytic muffler contains numerous 
spaced porcelain rods coated with catalytic 
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alumina and platinum alloy. As the exhaust 
gases flow across the surface of these rods, 
the catalyst promotes combustion of the 
carbon monoxide and other harmful vapors 
into harmless carbon dioxide and water 
vapor. This conversion is said to be as high 
as 95% in the case of carbon monoxide, 
99% for hydrocarbons with nonleaded 
gasoline. 

We have recently been advised that a 
muffler unit is now being manufactured for 
use with leaded gasoline. Inasmuch as many 
of the arguments against catalytic mufflers 
revolved around the necessity of using non- 
leaded gasoline, the introduction by a manu- 
facturer of a unit which will tolerate leaded 
gasoline may result in increased usage of 
these units in Michigan. 


TRUCK MAINTENANCE 

A regular program of engine tune-up and 
adjustment will do much to minimize the 
hazard of exhaust fumes from industrial 
trucks. As was mentioned earlier, a truck 
in poor mechanical repair and with faulty 
carburetion may produce up to 13%-15% 
carbon monoxide. Yet a truck in good condi- 
tion may only produce concentrations in the 
range of 1%-3% carbon monoxide. Car- 
buretor adjustment is of primary importance. 
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Combine your own clinical » Powdered 
experience with the 
knowledge of experts... 


by reading 


© A.M.A. Archives of | i h if 0 ot 
DERMATOLOGY g 
manufactures all three from raw 
e A.M.A. Archives of material to finished product! 


INTERNAL MEDICINE 


A Specialized Soap to Meet Every 
@ A.M.A. Archives of J Type of Plant Requirement! 


PATHOLOGY 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
Write To: } cleansing problems, our more than 40 years of 


experience in serving industry is at your service. 


Your inquiries will receive prompt and intelligent 
American Medical Association 


attention! 
535 N. Dearborn Street 


T T HULTZ M 


380 MADISON AVENUE NEW YORK 17, N. Y. 


Pamphlets about 


The Skin in Health and Disease. Psoriasis, The Threadbare Man- 
Harold N. Cole. 8 pages. 15 cents. tle. Lester Hollander. 12 pages. 
“Hair-Brained” Notions. Lois 15 cents. 
Mattox Miller. 12 pages. 15 cents. Fire Under the Skin. William W. 
Acne. 2 articles. Robert P. Little; Bolton. 12 pages. 15 cents. 
Jane Parker Kirkpatrick. 12 pages, 
15 cents. 
Cosmetic Facts and Fancies. AMERICAN MEDICAL ASSOCIATION 
Austin Smith. 8 pages. 15 cents. 535 N. Dearborn St. ® Chicago 10 


Please remit with order 


Producers of 
Sin 


Sterile stable 
eye medication 


Trade Mark 
STERILE FLUORESCEIN APPLICATOR 
Completes your sterile Technique! for surgery and 
A modern method of Corneal staining for: postoperatively 
DIAGNOSIS SURGERY EMERGENCY 
RAPID—STERILE—CONVENIENT 
Packages of 100 and 1000 envelopes each containing two Fluoristrips. 
Request sample and PHTHALMOS, inc. 
information from Union City, New Jersey 


for prescription 
and office use. 
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Dosage: Adulis—1 to 2 tablets three or four times day with food or im- 


at 


mediately after meals, Chilaren—1 tablet two to four times day, 


Supple d: Yellow, sepred tablets (250 mo.), bottles o 


Lissiver Relief of without interference with normal function. 
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Synthesized and characterized by McNeil Laboratories, FLexin 
relieves the disability and pain of skeletal muscle spasm—com- 
mon denominator of many musculoskeletal and neurological 
disorders. Its chief advantages are oral route of administration, 
ong duration of action, and minimal side effects.” 


not 2 mephenesin derivative 


FLEXIN provides outstanding and long-lasting—up to 6 hours - 
spasmolysis of voluntary muscle in low back syndromes, fibro- 
sitis, Strains, sprains, and in noninflammotory rheumatic and 
arthritic disorders. In one preliminary report of 100 patients, 


FLEXIN demonstrated ”...an 85% over-all effectiveness,”' 


Striking results are reported in cerebral palsy. “The administra- 
4 = ton. of zoxazolamine (Flexin) in 28 children, each of whom had 


Spasticity, produced a decrease of muscular tone on passive 
flexion in every instance.” 


Other studies indicate that Fiexin is of value in a highly sig- 
nificant number of patients with multiple sclerosis,?* as well as 


: in Other spinal spasticity stotes. 


Smith, Kron, K. N.; Peok, W. P., and Hermann, |. F.: JAMA. 160-745 (Mor, 3) 

(2) Amols, W.: J.A.M.A. 160.742 (Mor. 3) 1956. (3) Abrohamsen, H., and Baird, 
160,749 (Mor. 3) 1956. (4) Rodriguez-Gomez, M.; Voldes-Rodriguer, A., 
Drew, A. J-A.M.A. 160-752 (Mor. 3) 1956. 
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YOUR 


GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 
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More PAX-LANO-SAV HEAVY DUTY 


is used than any other granulated or pow- 


dered skin cleanser for the use of both 
MEN and WOMEN plant workers. For 
over thirty years industry has placed its 
confidence in this superior product as one 
of the most important measures of helping 
to prevent dermatitis . . . so can you! 


LOOK for the PAX ROOSTER and 
the PAX SEAL... They are trade 
marks used only on products of the 
Highest Merit. 


G. H. PACKWOOD MANUFACTURING CO. 


Manufacturing Chemists and Engineers 
(® 1541 TOWER GROVE AVE. + — ST. LOUIS 10, MO. 
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New concentric..mirror optics give My, 


DIRECT X-RAY QUALITY in AA 


photofluorography 
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THE NEW FAIRCHILD-ODELCA 4 x 4 CAMERA 
brings, for the first time, top-quality diagnostic negatives 
produced on 4” x 4” film — in a camera fully evaluated 

for general radiography. 

The heart of this camera’s exceptional performance, 
the Bouwers Concentric Mirror Optical System, permits 
an extremely wide working aperture of f/0.7 
(GRA £/0.65). Speeds four to five times that available 
in refractive lens cameras permit much lower tube current 
and 75 to 80% reduction in exposure time — resulting 
in substantially reduced radiation. 

The concentric mirror optics provide a gain in resolution 
as much as four times that of refractive lens cameras. 
Retakes are eliminated because both voluntary and 
involuntary motion are stopped. Designed for 
under-table, over-table and upright use. The small 
film size, of course, provides great economies in 
purchase, handling, processing and storage. 

The complete line of Fairchild-Odelca Cameras 
covers the four major categories of photofluoro- 
graphy; mass chest survey . . . hospital admissions 
X-ray ... serial radiography . . . and now even 
general radiography. Three models are available: 
the new 4” x 4” model (illustrated), the 70mm 
In-Line model and the 70mm Angle-Hood model. 

Get complete details from your regular X-ray equipment 
supplier, or direct by addressing Industrial Camera Div., 
Fairchild Camera and Instrument Corp., 88-06 Van Wyck 
Expressway, Jamaica 1, N. Y., Dept. 160-41X. 
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X-RAY CAMERAS AND ACCESSORIES 
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